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Construction  of  the  runway  at  Thule  Air  Foree  Base,  Greenland* 
began  in  the  Siuumer  of  1953-*  By  the  end  of  this  first  sumner  seven 
thousand  feet  of  runway  with  a  temporary  surface  of  penetration  macadam 
was  operational*  During  the  1952  construction  season  the  runway  was  ex¬ 
tended  to  10*000  feet  and  associated  taxiway  and  aprons  constructed* 

Hot  mix  asphalt  paving  was  utilized  in  this  construction  and  was  also 
placed  over  the  original  penetration  macadam  runway  pavement.  The  sub¬ 
sidence  of  certain  runway  pavement  sections  during  the  summer  of  1952 
resulted  in  the  initiation  of  a  program  of  field  investigations  at 
those  locations*  In  the  spring  of  1953  a  number  of  temperature  and 
ground  water  wells,  r.s  well  as  vertical  movement  observation  points* 
were  installed  under  and  adjacent  to  designated  buildings*  at  Crescent 
Lake  Dam,  and  at  selected  runway  and  taxiway  locations.  Observations 
were  made  at  desired  intervals  throughout  the  1953  and  1954  thawing 
seasons* 

This  report  presents  an  analysis  of  the  data  obtained  during 
the  1953  and  1954  thawing  seasons  at  the  runway  and  taxiway  test  instal¬ 
lations*  An  analysis  of  the  pavement  subsidence,  which  occurred  in  two 
areas*  is  given  and  a  correlation  is  made  between  subsidence,  depth  of 
thaw  and  the  characteristics  of  the  subgrade  soils.  The  effect  of 
pavement  surface  color  is  discussed  and  tentative  conclusions  ere  drawn. 
The  existence  of  b  seasonal  ground  water  table  is  noted  and  explained. 

Since  in  some  areas  the  subgrade  soils  at  Thule  contain  large 
masses  of  ice,  distributed  irregularly  throughout  the  soil  mantle  and 
the  melting  of  this  ice  results  in  irregular  subsidence  of  the  pavement 
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surface,  pevenent  design  at  Thule  should  be  based  on  preventing  thaw 
from  pe net re ting  into  high  ioe  content  subgrade  soils  after  the  paving 
materials  have  been  placed*  The  data  thus  far  obtained  indicate  that 
this  may  best  be  accomplished  at  Thule  by  providing  an  8  foot  minimum 
combined  thickness  of  pavement  end  non-frost  susceptible  base  above  the 
subgrade  soils* 

In  the  present  subsidence  areas  the  combined  thickness  of 
pavement  and  base  course  material  is  in  the  range  of  approximately  I4.  feet 
to  6  feet.  Analyses  based  on  the  amounts  of  pure  ioe  and  high  ice 
content  soils  encountered  in  test  pits  in  the  area  indicate  that  con¬ 
tinued  localized  subsidence  will  occur  at  a  diminishing  rate  for  the 
next  several  thawing  seasons  and  in  some  locations  will  continue  for 
more  than  20  years.  A  total  future  subsidence  of  2.0  to  2.5  feet  is 
expeoted  at  two  of  the  explorations  where  high  ice  content  subgrade  con¬ 
ditions  were  revealed. 

Recommendations  for  corrective  reasures  in  the  areas  of  sub¬ 


sidence  are  given. 


PAST  I  -  INTRODUCTION 


1-01.  AUTHORIZATION.  An  "  Instructions  A  Outline  for  the  Develop¬ 
ment  of  Design  Criteria  for  Arctic  Construct! on,  Thule  Air  Force  Base, 
Greenland”  was  prepared  by  the  Chief  of  Engineers  on  17  November  1952. 
The  Permafrost  Division,  St.  Paul  Districts  the  original  investi¬ 
gating  agency.  The  Arctic  Construction  and  Frost  effects  Laboratory, 
Few  England  Division,  assumed  these  duties  on  1  March  1953  by  General 
Order  No.  3.  which  stipulated  transfer  of  all  Permafrost  Division 
functions  and  responsibilities  from  the  jurisdiction  of  the  District 
Engineer,  St.  Paul  District,  to  the  jurisdiction  of  the  Division  Engi¬ 
neer,  New  England  Division. 

1-02.  FJRFOSS  hXD  SCOPE.  The  present  investigational  program  at 
Thule  Air  Force  Base  is  an  outgrowth  of  a  study  by  the  Eastern  Ocean 
District  (formerly  the  Korfchoaot  District,  East  Oooan  Division),  of  the 
runway  pavement  subsidence  that  occurred  at  two  areas,  each  the  full 
width  of  the  runway  and  approximately  250  feet  in  length,  during  the 
1952  thawing  season.  The  program  was  broadened  to  include  studies  of 
other  pavement  areas  and  structures  at  Thule  Air  Force  Base,  with  the 
objective  of  improving  design  criteria  for  airfield  pavements,  building 
foundations,  and  earth  dams  in  arctic  regions.  As  a  result  a  number  of 
temperature  wells,  ground  water  wells  and  vertical  movement  observation 
points  were  installed  at  selected  locations  so  that  fluctuations  in 
ground  temperatures  and  ground  water  as  well  as  the  vertical  movement 
of  structures  and  pavements  could  be  observed. 

1-03.  ACKNO  LEDG  JITS.  The  investigational  program  was  initiated 
by  the  Chief  of  Engineers  in  October  1952.  The  overall  objectives  and 
scope  of  the  investigation  were  outlined  at  a  conference  held  at  the 


Airfields  Branch,  Military  Construction,  Offioe  of  the  Chief  of  Engi¬ 
neers^  on  21  October  1952*  This  conference  was  attended  by  repre¬ 
sentatives  of  the  Chief  of  Engineers,  East  Ocean  Division,  Hew  England 
Division,  Hortheast  District  and  the  St,  Paul  Diet  riot. 

The  detailed  program  was  planned  cooperatively  between  the 
former  Permafrost  Division,  St.  Paul  District,  the  former  Northeast 
District  and  the  New  England  Division.  The  Permafrost  Division  designed, 
procured  and  shipped  the  observational  equipment  to  Thule.  North  Atlantic 
Constructors  performed  the  necessary  test  pitting,  drilling  and  trenching 
operations  required  to  install  the  thermocouple  assemblies  and  ground 
water  wells  under  the  direction  of  the  Northeast  District.  Representa¬ 
tives  of  the  Architect-Engineer,  iietcalf  and  Eddy,  and  Alfred  Hopkins 
md  Associates,  installed  the  observational  equipment,  logged  the  test 
pits  and  borings  and  performed  the  necessary  supplemental  soil  testing. 
During  the  initial  stages  of  the  field  installation  program,  personnel 
of  the  Arotic  Construction  and  Frost  Effects  Laboratory  furnished  techni¬ 
cal  assistance  to  the  Northeast  District.  Following  installation,  peri¬ 
odic  observations  were  made  and  will  continue  to  be  taken  by  repre¬ 
sentatives  of  the  Architect-Engineer,  and/or  personnel  of  the  Eastern 
Ocean  District. 
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PART  II  -  Ii^BSTIGATIONS 

— «»«— i  mu  *  i  . . 

*  2-01.  GmllSRAL.  Installation  of  temperature  wells  in  the  pavement 

areas  was  commenced  on  20  March  1953  wad  completed  on  8  May  1953*  The 
installation  of  the  ground  water  wells  was  completed  on  6  July  1953* 
Twelve  temperature  wells,  TR-l  through  TR-12,  were  installed  at  the  run¬ 
way  locations  shown  on  Plate  1,  to  depths  of  15  to  2h  feet,  depending  on 
the  thickness  of  fill*  These  wells  were  installed  in  pairs  spaced  13 
feet  apart  and  a  ground  water  well  was  drilled  midway  between  each  pair* 
Locations  were  ohosen  so  that  representative  sections  through  varying 
thickness  of  fill  could  be  observed  end  compared.  Three  additional 
ground  water  wells  were  drilled  in  the  subsidence  area  between  Stations 
57+00  and  60+00* 

In  an  effort  to  compare  thaw  progression  beneath  black  and 
white  pavement  surfaces,  a  125  foot  long  portion  of  the  south  taxiway 
was  painted  white.  Two  temperature  well3,  TIW-1  and  TIE -2,  were  placed 
in  the  white-surfaced  area  end  two  temperature  wells,  TTB-1  and  TTB-2, 
were  placed  in  the  adjacent  unpainted  area  of  the  pavement.  Vertical 
movement  grids,  as  shown  on  Plate  2,  were  established  at  all  runway  and 
taxiway  locations. 

Initial  readings  of  all  runway  temperature  assemblies  were 
taken  on  8  Hay  1953  and  of  ali  taxiway  temperature  assemblies  on  9  Ma y 
1953  ana  have  continued  at  weekly  intervals.  Ground  water  observations 
(  in  1953  began  on  6  July  and  in  195k  on  31  July  and  were  continued  at 

weekly  intervals  throughout  the  thawing  seasons.  Observations  of 
!  vertical  movements  have  been  made  at  monthly  intervals  beginning  with 

the  initial  readings  on  li+  June  1953 »  except  for  the  months  December  1953 
through  April  I95U  and  June  and  September  195b* 
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2-02*  CLIMATIC  DATA.  Plate  3  presents  a  plot  of  average  daily  air 


temperatures  taken  from  ..eather  Bureau  reoords  for  1953  195U#  from 

2 3  April  through  30  September,  together  with  curves  of  cumulative  degree 
days  (°F)  of  thav/  as  computed  from  these  average  daily  air  temperatures 
for  the  two  years*  Plate  1+  presents  oumulativs  freezing  and  thawing 
curves,  starting  with  I9I46-I9I+7  freezing  season,  except  for  freezing 
seasons  1950-1951*  1951*1952  and  the  1951  thawing  season^  for  which  tem¬ 
perature  data  are  not  available*  Curve  for  the  191+8-19^9  thawing  season 
also  is  not  presented*  weather  Bureau  records  show  a  mean  annual  tempera¬ 
ture  for  the  period  I9I+6-I9I+9  of  /L2°F*  The  curves  in  Plate  1+  illustrate 
the  relative  severities  of  the  thawing  and  freezing  seasons*  Average 
values  for  30  June,  31  July  and  end  of  thawing  season,  for  the  available 
years  of  record,  are  given  below, 

Pate  Cumulative  Degree  Days  of  Thaw 

30  June  120 

31  July  1+00 

End  of  Thaw  (on  or  about  li;  Sept*)  650 

2-03*  SOILS  DATA.  The  subgrade  soil  at  Thule  is  predominantly  a 
glacial  till  and  is  classified  as  a  silty,  sandy  gravel  or  a  silty 
gravelly  sand  with  10  to  1+5  per  cent  of  grains  by  weight  finer  than  the 
200  mesh*  The  bedrock  is  a  diorite  and,  in  the  runway  section  at  least, 
is  relatively  shallow  varying  from  10  to  15  feet  below  original  ground 
surface.  Ice  is  present  in  the  subgrade  soils  in  large  amounts  and  is 
found  as  wedges,  lenses,  coatings  on  grains  and  as  irregular  masses  up 
to  1.8  feet  in  thickness*  For  an  example  of  the  massive  ice  encountered 
see  log  of  Test  Pit  S-716,  Plate  5  and  log  of  TP-5,  Plate  *$, 
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Ease  course  material*  vary  from  poorly  graded  a andy- gravels  and 
gravelly- sands  to  quarry  rock.  Log*  of  explorations  at  each  temperature 
well  in  the  runway  and  taxiway  locations  are  inoluded  in  Appendix  A  of 
thir  report* 

All  temperature  wells  were  drilled  by  the  North  Atlantic  Con*  . 
struotors  using  a  ”  Joy  Heavy  Duty  Champion”,  rotary  drill*  A  special 
oarbaloy  bit  fabricated  in  the  field  by  the  contractor* s  personnel  proved 
very  satisfactory  in  obtaining  frozen  core  samples  of  the  subgrade  soil, 
except  in  instances  where  the  subgrade  contained  a  high  percentage  of 
large  stones*  In  fill  sections  where  relatively  dry  frozen  granular  soils 
predominated,  a  6-3 Hughes  Tricone  Rotary  Eit  was  used*  The  cuttings 
from  this  bit,  blown  to  the  surface  by  compressed  air,  were  collected  and 
the  water  content  determined* 

Test  pits  were  dug  at  three  runway  locations  to  depths  of  from 
8  to  12  feet  and  at  two  taxiway  locations  to  a  depth  of  8  feet.  Logs  of 
these  explorations  are  inoluded  in  Appendix  A*  The  water  contents  of 
frozen  ohunk  samples  obtained  from  the  test  pits  were  compared  with  the 
water  contents  of  the  cuttings  obtained  from  the  drill  holes  adjacent  to 
each  test  pit.  The  results  of  this  correlation  indicated  that  the  water 
contents,  as  obtained  from  the  cuttings,  toave  a  reliable  determination  of 
the  actual  water  contents  of  the  soils  encountered. 

2-Oi;.  AS-3UILT  PnV^  2KT  SECTIb?1.  To  protect  subgrade  soils  from 
thaw  penetration,  the  pavement  design  called  for  a  minimum  of  6  feet  of 
non-frost  susceptible  base  and  subbase  materials.  here  the  difference 
in  elevation  between  existing  ground  surface  and  proposed  finished  grade 
exceeded  6  feet,  granular  or  quarry  rock  fill  was  placed  directly  on  the 
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natural  ground  surface}  otherwise  the  cubgrade  soil  ‘./as  stripped  and  ex* 
cav&ted  to  produce  the  required  6-ft.  base  thickness.  The  deepest  out, 
about  13  feet  at  one  location,  occurred  between  Stations  57/30  and  Th/00» 
Plate  1  shows  a  centerline  profile  through  this  exit  with  an  exaggerated 
vertical  scale*  All  other  cuts  were  relatively  shallow* 

A  generalized  cross  section  of  the  runway  pavement  is  shown  on 
Plate  6.  The  original  design  called  for  a  uniform  transverse  slope  of  1*5 
per  cent  for  the  full  width  of  the  runway*  After  base  course  materials 
had  been  placed  it  was  decided  to  construct  the  pavement  with  a  1*5  per 
cent  slope  on  eaoh  side  of  a  centerline  crown*  The  crown  was  formed  by 
stripping  base  course  material  from  the  high  side  of  the  slope  (south 
side  of  runway)*  This  operation  reduced  the  original  6  feet  of  pavement 
and  base  to  a  minimum  of  approximately  3  feet  at  the  south  edge  of  pave* 
ment*  Pronounced  subsidence  occurred  along  this  edge  of  the  pavement 
during  the  summer  of  1952*  To  prevent  further  subsidence,  a  25  foot  box 
was  excavated  to  a  minimum  depth  of  6  feet  along  this  ed&e  from  station 
6l/0G  to  Station  75/QC  and  material  replaced  with  non-frost  susceptible 
fill  (see  Plate  6), 

In  the  subsidence  areas,  between  Stations  57/OQ  and  60/00  and 
between  Stations  Tl/OQ  and  7h/00,  resurfacing  operations  to  bring  the 
pavement  back  to  grade  have  resulted  in  a  thickened  surface  oourse.  In 
certain  areas  the  bituminous  concrete  is  now  over  a  foot  in  thickness. 

2-05*  SPaSURFACS  IE  PEPATTRES.  The  progress  of  thaw  below  the 
surface,  represented  by  the  0°C.  isotherm  and  based  on  subsurface  tempera¬ 
tures  observed  during  the  1953  and  195U  thawing  seasons  at  all  runway 
locations,  is  shown  on  Plates  7  through  12*  Similar  temperature  plots 
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of  the  taxiway  assemblies  are  shown  on  Plates  15  and  li+.  k  summary  of 
thaw  and  subsidence  data  at  all  runway  and  taxiimy  installations  is  given 
in  Table  1*  The  depth  of  the  0°C.  temperature  was  interpolated  from  the 
geothermal  gradients  drawn  for  suooesefve  observations.  The  position  of 
the  0°C.  Isotherm  is  assumed  to  bo  the  boundary  between  unfrozen  and 
frozen  soil.  However,  it  is  visualized  that  the  aotual  boundary*  between 
frozen  and  unfrozen  soil  as  it  occurs  in  nature  is  a  diffuse  zone  rather 
than  a  well  defined  plane  at  the  interfaoe  of  frozen  and  unfrozen  soil. 
Subsurface  temperatures  obtained  by  means  of  thermocouples  spaced  at 
intervals  of  depth  in  the  soil  do  not  clearly  define  the  limits  of  this 
zone  either  during  the  freezing  or  thawing  cycles. 

During  the  freezing  cycle  an  essentially  isothermal  zone  where 
a  mixture  of  thawed  and  frozen  soil  exists  together  has  been  inferred. 
This  inference  is  based  on  the  shape  of  temperature-time  curves  drawn 
for  various  specific  depths  during  the  period  of  freeze  back.  These 
curves  exhibit  a  marked  flattening  of  slope  close  to  0°C.  and  in  the 
vicinity  of  the  maximum  depth  of  thaw.  Lt  this  depth,  based  on  the 
thermocouple  readings  the  ground  temperature  appears  to  remain  constant, 
for  periods  ranging  from  one  to  three  weeks.  This  essentially  isothermal 
zone  is  indicated  by  shading  in  Plates  7  through  Hi. 

Examination  of  Plates  7  through  li+  also  indicates  that  some 
small  amount  of  freezing  occurs  up  from  the  bottom  of  the  thawed  zone 
due  to  the  flow  of  heat  to  the  underlying  frozen  soil  which  exists  at 
several  degrees  below  0°C.  This  trend  has  not  generally  appeared  in 
available  subsurface  temperature  observations  from  more  southerly  arctic 
and  subarctic  installations,  apparently  because  the  temperature  of  the 
underlying  permafrost  in  such  areas  has  been  much  closer  to  below  0°C. 
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TABLE  1 

su  hahy  cf  thh.;  a sd  stbsideiice  for  1953  ahd  195U  tha.iIkg  season® 

THULE  AIR  FORCE  BASE 


Hole 

Jo* 

Station 

Depth  Fax*  Depth 
of  Fill*  of  Thaw 
in  Feet  in  Feet 

Lax.  :  Measured 

Subsidence  in  Feet 

I95h 

6/lU/53=9AV5T 

TR-1 

25/00 

13 

7.7 

7.7 

0.01 

o.ol* 

TH-2 

25A3 

13 

7Ji 

7.7 

- 

- 

TR-3 

31/00 

e.3 

6.5 

6.G 

0.02 

0.08 

TR-1* 

31:/L5 

6*5 

6.7 

7.0 

- 

- 

TR-5 

50/00 

5-3 

a  5-8 

7*1 

b  0.16 

0.16 

Runway  7R-6 

50/l3 

5.6 

a  6JL1 

7.1 

- 

- 

TR-7 

69/OO 

5.7 

6.0 

6.3 

0.01 

0.02 

TR-6 

69/L3 

5.7 

6.8 

7.2 

- 

- 

TR-9 

91/00 

9.0 

7.7 

3.0 

0.00 

0*00 

TR-10 

9i/l3 

9.0 

7^ 

7.7 

ew 

- 

TR-11 

93^0 

lu*5 

6.9 

7.3 

0.00 

0.00 

TR-12 

9jfe>3 

13.0 

6.1; 

6.7 

- 

- 

TTW-1 

9^/75 

9*0/ 

6.0 

5Ji 

0.00 

0.G2 

South  TJ.-2 

91/75 

9.0/ 

5.8 

5.5 

- 

- 

Loop  TTB-1 

96/00 

9.0/ 

7.6 

7.0 

0.00 

0.C2 

TaxiwayTTB-2 

96/00 

9.0/ 

8*2 

Ux 

- 

- 

♦Fon-froat-ousceptible 
Notes  j 

a*  Before  addition  of  6M  bituminous  at  this  location  during  September 
1953*  msking  pavement  thickness  1 ’-2n* 

b*  lor  period  li;  June  to  17  August  1953  only. 

Do es  not  include  unknown  amount  of  settlement  •which  may  have 
occured  betv.'een  1?  August  and  11  September  1955  when  new  settlement  points 
were  established  at  this  location* 
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In  generals  thawii„  coats  need  beneath  the  rummy  pavement  sur¬ 
face  around  the  first  week  in  May  in  1953  and  toward  mid-May  in  I95J4,  and 
refreese  began  around  lk  September  in  both  years*  indicating  a  thawing 
period  of  approximately  four  months*  The  entire  active  tone  had  oooled 
to  freezing  temperatures  before  25  September*  Thaw  penetration  in  thick 
base  course  sections,  on  the  rummy,  ranged  from  6 J*  feet  to  7*7  feet  in 
1953  and  from  6*7  feet  to  6*0  feet  in  195U*  While  it  ie  logioal  to  attri¬ 
bute  the  variations  in  thaw  depth  to  local  differences  in  density  and  water 
oontent  a  correlation  of  these  data  did  not  reveal  a  consistent  ro la t ion- 
ship.  At  rummy  locations  with  lesser  base  thicknesses,  notably  at  Sta¬ 
tion  58+00,  50  feet  left  of  center line  and  Station  69+OO,  50  feet  left  of 
centerline  where  thaw  has  penetrated  to  the  subgrade,  the  maximum  depth 
of  thaw  has  been  markedly  reduced.  This  is  due  principally  to  the  high  ice 
content  of  the  subgrade  soils. 

At  the  taxiway  locations,  notable  reduction  in  the  depth  of  thaw 
beneath  the  white-surfaced  area  was  observed.  The  maximum'  depth  of  thaw 
beneath  the  white -surfaced  pavement  averaged  5*9  feet  in  1953  and  5*^5 
feet  in  19i&#  as  compared  to  8  feet  in  1953  and  7*2  feet  in  IQ5U  beneath 
the  natural  unpainted  surface.  Surface  temperatures  in  the  white  surface 
averaged  about  5°C«  lower  throughout  the  thawing  season  than  those  in  the 
black.  In  mid-summer  the  difference  was  2  or  3  degrees  higher  than  this 
average  value. 

2-06.  GROUID  TiATSR  (RUIWAY) .  A  free  water  table  had  developed  above 
the  level  of  frozen  ground  by  18  July  in  1953  and  by  31  July  in  195^  be- 
tween  Stations  57+00  75  f®et  L  end  69+00,  50  feet  L.  The  observations 
from  the  ground  water  wells  between  TR-5  end  6  and  TR-7  and  8  are  plotted 
with  the  temperature  data  on  ?late6  9  and  10.  In  general,  the  ground 
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water  lore  la  In  all  mils  observed  in  the  subgrade  out  area  rose  a  maxi¬ 
ma  of  approximately  one  foot  during  the  thawing  season*  It  is  in  this 
cut  area,  from  Stations  57*00  to  66* 00,  that  thawing  progressed  through 
the  fill  material  and  penetrated  the  subgrade  soil.  The  rise  in  water 
level  in  the  base,  as  indicated  from  the  ground  water  wells  is  believed 
to  be  primarily  due  to  the  melting  of  the  high  ice  content  soils  in  the 
subgrade* 

2-07*  PAVEMB8T  SUBSIDE}^.  The  subsidence  during  and  prior  to  the 
1953  and  195 4  thawing  season  was  confined  to  two  areas  between  Runway 
Stations  57*00  and  60+00  and  between  Stations  71*00  and  74+00*  These 
two  areas  lie  at  aach  end  of  the  area  of  subgrade  out  which  extends  from 
approximately  Stations  53*00  to  74*00.  Average  subsidence  of  the  re¬ 
mainder  of  the  runway  pave  cent  during  the  1953  °nd  1954  thawing  seasons 
was  negligible.  Plate  1  shows  in  plan  the  areas  of  subsidence  and  the 
limits  of  the  out.  Plate  1  alao  includes  a  centerline  profile  showing 
the  level  of  original  ground,  top  of  as-built  pavement  and  bottom  of  cut. 

Vertical  movement  grids,  each  covering  a  small  area  in  the 
immediate  vicinity  of  each  pair  of  temperature  wells,  were  established  in 
the  runway  and  taxiway,  as  shown  on  Plate  2«  Initial  vertical  movement 
observations  on  these  grids  were  taken  on  14  June  1953*  With  the  ex¬ 
ception  of  the  grid  around  TR-5  and  IR-6,  settlement  of  the  grid  points 
at  all  runway  and  taxiway  temperature  well  locations  during  the  1953 
thawing  season  was  negligible  (maximum  subsidence  0.02  fe^t,  with  an 
average  of  0.003  feet  for  soven  locations).  During  the  1954  thawing 
season  the  vertical  movement  observations  indicate  that  subsidence  aver¬ 
aging  as  much  as  0.05  feet  may  have  taken  place  in  the  vicinity  of  TR-1, 
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TR“3*  TR-7  ®nd  at  the  temperature  -well  locations  on  the  South  Jjoop  Taxiway. 
Since  observations  mere  not  made  on  the  settlement  points  during  Sep¬ 
tember  (end  of  thawing,  about  15 .September),  a  more  accurate  appraisal  of 
possible  subsidence  cannot  be  made* 

The  measured  pavement  subsidences  and  heaves  in  the  vioinity 
of  TB-5  and  TR-6  are  shown  in  Table  2.  The  measured  maximum  subsidence 
around  TR-5  a°d  TR-6  during  1953  0,l6  feet  with  an  average  of  0.13 

feet.  However,  since  the  pavement  at  this  location  was  resurfaced  to 
original  grade  on  or  about  17  August  1953  find  new  settlement  points  were 
not  established  until  about  11  September,  the  values  of  subsidence  given 
in  Table  2  are  for  the  period  lU  June  to  17  August  1953  only.  On  the 
basis  of  the  remaining  degree-days  of  thaw  after  17  August  and  the  re¬ 
sulting  increase  in  thaw  penetration  after  this  date,  it  is  estimated 
that  an  additional  subsidence  of  about  0.05  feet  oould  have  occurred,  for 
a  total  seasonal  subsidence  of  about  0.18  feet. 

During  195U,  the  measured  maximum  subsidence  around  TR-5  and 
TR-6  was  0.16  feet  with  an  average  of  0,13  feet  for  the  period  22  Hay  to 
25  August  195U.  The  next  set  of  observations  was  made  on  16  October  and 
shows  a  maximum  subsidence  of  0.19  feet  with  an  average  of  0,l6  feet  in 
relation  to  observations  made  on  22  May,  Thaw  reached  a  maximum  on  or 
about  lJU.  September  and  complete  refreeze  of  the  base  and  subgrade  ma¬ 
terials  had  ocourred  prior  to  10  October.  If  the  values  given  for  pave¬ 
ment  heave  in  Table  2  for  11  September  to  25  November  1953  may  be  con¬ 
sidered  represents: tive  of  the  amount  of  heaving  due  to  freezing  whioh 
oocurred  during  fall  of  195^4,  the  subsidence  around  temperature  wells 
TR-5  and  TF-6  is  estimated  to  have  averaged  about  0.21  feet  for  the 
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TABLE  2 

VERTICAL  OP  PAVEMENT 

AR0UM5  TEMPERATURE  WELLS  TR-5  AND  TR-6 


- 

SUBSIDENCE  (ft.) 

HEAVE  (ft.) 

SUBSIDENCE  (ft 

li+  June  to 

11  Sep.  to 

22  lAy  to 

'•  NO.* 

17  Aug.  1953 

25  Nov.  1953 

25  Aug.  1954 

1 

0.11 

0.06 

0.11 

2 

0.13 

0.06 

0.13 

3 

0.14 

0.06 

0.16 

k 

0.12 

0.06 

0.16 

5 

0.12 

0.06 

0.09 

6 

0.15 

0.06 

0.11 

7 

0.10 

0.06 

0.12 

8 

0.13 

0.06 

0.11 

9 

0.12 

0.06 

0.16 

10 

0.13 

0.07 

o.i4 

11 

0.13 

0.06 

0.09 

12 

0.16 

0.06 

0.15 

♦Location  of  grid  points  is  shown  on  Plate  2 


summer  of  1934*  This  value  added  to  the  average  subsidence  estimated  as 
occurring  in  1933  gives  in  estimated  two-year  averago  subsidence  (less 
the  heave  in  the  fall  of  1933)  *t  this  location  of  about  0*33  feet* 

Figure  1  below  }  llistratee  graphically  the  average  movement  of 
the  12-point  grid  around  temperature  Veils  TR-3  and  TR-6  for  the  period 
ill  June  1933  through  16  October  193b*  The  initial  level  points  were 
established  on  lb  June  1933  ftt  which  time  the  average  depth  of  thaw  at 
TR-3  and  TR-6  was  U  feet*  The  total  thickness  of  pavement  and  base  at 


Figure  1 


Around  TR-7  and  TR-8,  the  maximum  subsidence  shown  by  the  grid 
pointswas  0.01  feet  during  1953  and  0.02  feet  in  1954*  This  pair  of 
temperature  wells,  although  located  well  within  the  area  of  subgrade  out, 
was  not  positioned  in  an  area  of  previous  subsidence  as  were  wells  TR*»5 
and  TR-6.  These  two  pairs  of  wells  were  located  to  investigate  the 
reasons  for  the  localization  of  subsidence  in  certain  sections  of  the  sub- 
grade  cut  rather  than  its  general  occurrence  throughout  the  area.  Refer¬ 
ence  to  the  boring  logs  of  the  test  pits  at  these  two  runway  locations. 
Plates  A-27  and  A-28,  indicates  the  subgrade  soil  at  the  location  of  TR-7 
and  TR-8  contains  only  minor  ice  segregation  as  compared  to  the  subgrade 
soils  at  TR-5  and  TR-6.  In  addition  the  water  content  of  the  base  course 
material  around  TR-7  and  TR-8  is  somewhat  higher  than  at  TR-p  and  TR-6, 
which  would  tend  to  reduce  the  depth  of  subgrade  thaw  at  this  location. 

A  vertical  movement  grid  was  established  in  the  fall  of  1952 
along  the  entire  length  of  the  runway.  Points  were  spaced  at  100-foot 
intervals  along  the  runway  centerline  and  at  50  feet  and  90  feet  right 
and  left  of  the  100-foot  interval  points  in  the  subgrade  cut  section  be¬ 
tween  Sta.  57+00  and  Sta.  74+00.  The  total  vertical  movements  between 
9  Kay  1953  and  5  September  1953*  and  between  9  May  1953  and  19  September 
1954#  of  the  points  located  in  this  cut  section  is  given  in  Table 

Both  above-described  3ets  of  grids  have  shortcomings.  In  the 
local  grids  around  the  temperature  wells,  the  area  covered  is  only  a  small 
part  of  the  total  subsidence  area,  while  the  grid  covering  the  length  of 
the  runway  has  too  great  an  interval  between  points.  Data  from  observa¬ 
tions  of  these  two  grid  systems  indicate  a  maximum  subsidence  of  only 


0.18  feet  during  1953  wb^reae  an  average  of  0,25  feet  of  bituminous  con¬ 
crete  was  required  during  resurfacing  operations  in  1953  to  bring  the 
subsided  areas  back  to  grade.  Personnel  at  the  site  during  the  sunmr 
of  1953  *iave  indicated,  based  on  the  unevenness  of  the  pavement  surface, 
that  localised  subsidences  occurred  which  were  greater  than  values 
pleasured  at  the  grid  points. 


VERTICAL  MOVEMENT  OF  RUNWAY 
PAVEMENT  IN  SUBGRADE  CUT  SECTIONS 
THAw  SEASONS  1953  AND  195U 
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Note:  (/)  Denotes  aeave  ^-Movement  at  these  two  stations  for 

(-)  Denotes  subsidence  period  9  May  1953  to  time  of  re¬ 

surfacing  on  or  about  17  Aug*  1953 


PAST  III  -  A&LYSIS  OF  DATA 


3-01.  TEAS  g&KSramoy  A?£  SUBSIDES.  The  maximum  depth  of  thaw 
under  natural  colored  asphalt  payment  sections,  where  the  base  course 
thickness  was  greater  than  the  thaw  depth,  ranged  from  6J4.  feet  to  8.2 
feet  in  1933  end  from  6.7  feet  to  8.0  ieet  in  193^*  In  general  the 
least  thaw  penetration  occurred  at  locations  where  the  base  course  con¬ 
tained  the  greatest  amount  of  water  per  unit  volume  with  the  thaw  pene¬ 
tration  increasing  at  locations  with  less  moisture  in  the  base. 

In  cut  sections  the  total  thickness  of  base  course  material 
is  6  feet  or  less  and  seasonal  thawing  of  ths  subgrade  occurs.  In  these 
sections,  thaw  progresses  at  about  the  sane  rate  aa  in  the  deeper  fill 
areas  until  it  reaches  the  subgrade.  At  this  point,  as  Plates  7  through 
10  indicate,  the  rate  of  thaw  penetration  noticeably  lessens.  Teat  pits 
in  the  cut  area  have  shown  the  subgrade  to  contain  large  amounts  of  ioe 
in  the  form  of  lenses,  pockets,  coatings  on  grains  and  irregular  masses. 
The  substantial  amount  of  heat  required  to  malt  this  ice  is  the  reason 
for  the  reduced  rete  of  subgrade  thaw  penetration. 

The  presence  of  ice  in  a  soil  in  excess  of  that  required  to 
fill  the  natural  voids  results  in  the  separation  of  a  certain  number  of 
the  individual  soil  grains.  This  separation  of  particles  may  be  the  re¬ 
sult  of  ice  lenses  and  coatings  barely  discernible  to  the  eye  or  may  re¬ 
sult  from  formation  of  substantial  ice  layers  ar.d  masses.  If  soil  con¬ 
taining  such  segregated  ice  is  melted,  thus  restoring  the  intergranular 
contacts,  vertical  subsidence  will  occur.  This  is  the  nature  of  the 
settlement  taking  plaoe  in  portions  of  the  area  of  subgrade  cut  on  the 
Thule  runway. 
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It  is  possible  to  estimate  the  amount  of  future  subsidence 
that  may  be  expected  at  a  given  location  if  the  properties  of  the  tinder- 
lying  soil  are  known*  The  relationship  between  the  vertioal  subsidence* 
the  void  ratios  of  the  frosen  and  thawed  soils  and  the  depth  of  thaw  in 
the  frosen  soil  is  shown  in  the  following  formula  - 


Where  S  >  estimated  vertical  subsidence  in  feet  resulting 
from  thawing  a  frosen  soil  layer  of  thickness  (H) 
in  feet* 

e^,  *  average  void  ratio  of  the  frosen  soil  layer* 

e^  »  estimated  average  void  ratio  of  the  soil  layer  after 
thawing  and  consolidation* 

The  void  ratio  of  the  frosen  soil  may  be  determined  using 
undisturbed  frosen  soil  specimens  obtained  from  test  pits  or  borings* 

The  depth  of  thaw  (H)  may  be  calculated  using  the  equation  given  in  the 
following  paragraph.  It  is  necessary  to  predict  the  void  ratio  of  the 
soil  after  tharing  and  consolidation*  An  estimate  of  this  latter  void 
ratio  can  be  made  by  utilising  soil  density  data  for  thawed  soil,  ex¬ 
isting  in  the  area  under  approximately  the  same  overburden,  of  classifi¬ 
cation  and  gradation  similar  to  that  of  the  frozen  soil. 

The  depth  of  thaw  penetration  into  a  frozen  subgrade  soil  may 
be  computed  by  the  following  formula*  - 

*Covps  of  Engineers,  lir.pneering  Manual'"'-  Military  Construction  Part  XV, 
Arctic  and  Subarctic  Construction;  Chapter  6,  Calculation  Methods  for 
Determination  of  Depths  of  Freeze  and  Thaw  in  Soils  (Draft)  May  195U. 
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where 

H  •  depth  of  them  penetration  into  a  frozen  subgrade  in 
feet*  (Bote  that  H  is  not  depth  of  thaw  penetration  from  pavement  surface)* 
k  ■  arithmetic  mean  of  the  thermal  conductivities  of  the 

frozen  soil  (k^)  and  the  thawed  soil  (ky)  in  Btu/hr./sq* 
ft*/°F*/ft0 

Jit  m  thermal  resistance  of  the  thawed  soil  above  the  frozen 
subgrade  layer*  at  time  (t),  Hr-sq.ft.-°F,/fetu. 

L  *  latent  heat  of  the  frozen  subgrade  *  l,!^  x  dry  unit 
weight  of  soil  x  water  oontent  in  per  cent*  Btu/cu.ft. 

Ip*  partial  thawing  index  remaining  to  thaw  the  subgrade 
at  time  (t).  (Surface  thawing  index  for  entire  thawing 
season  minus  portion  of  surface  thawing  index  expended 
in  thawing  the  soil  overlying  frozen  subgrade  layer), 
deg-days . 

dimensionless  correction  coefficient*  (equal  to  0*9 
for  climatic  conditions  and  representative  subgrade  . 
soil  properties  at  Thule)* 

By  means  of  the  two  foregoing  equations  the  depth  of  thaw 
penetration  during  a  -chawing  season  and  surface  subsidence  resulting  from 
thawing  a  frozen  soil  layer  of  known  ice  content  may  be  estimated  for  one 
or  a  series  of  thawing  seasons. 


*  £>t  Interim  Report,  Analytic  1  Studies  of  Freezing  and  Thawing  of 

Soils  by  H.  P„  Aldrich*  «Jr-,  and  H.  M,  paynter*  dated  June  1953*  Pre¬ 
pared  under  contract  with  Arctic  Construction  and  Frost  Effects  Labora¬ 
tory. 
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appreciable  change  in  coil  gradation  represents  the  boundary  between  the 
previously  unthawed  subgrade  and  the  subgrade  thawed  during  the  1932 
s umnar  season. 

Referring  to  Plate  15#  a  total  subsidenoe  of  1.65  feet  in  20 
years  is  predioted  for  the  soil  sequence  shown#  0.2  feet  of  this  cumu¬ 
lative  total  occurring  during  the  195k  thawing  season#  0.18  feet  during 
the  1955  thawing  season#  and  continued  subsidenoe  occurring  at  pro¬ 
gressively  smaller  increments  during  subsequent  thawing  seasons.  Sub¬ 
sidence  will  continue  until  the  combined  effect  of  adding  pavement  to 
surface  and/or  a  sufficient  thickness  of  thawed  and  consolidated  soil 
has  accumulated,  over  the  high  ice  content  subgrade,  to  confine  maximum 
seasonal  thawing  within  this  accumulated  previously  thawed  soil  layer 
which  is  relatively  free  of  segregated  ice. 

If  the  pavement  is  kept  level  by  adding  bituminous  surfacing 
as  subsidence  occurs  and  the  sOb grade  conditions  are  ae  depicted  on 
Plate  15,  further  thawing  and  subsidence  will  theoretically  be  arrested 
after  0.5  feet  of  thawed  and  consolidated  subgrade  soil  has  accumulated 
and  0*7  feet  of  additional  bituminous  surfacing  has  been  added  to  keep 
the  pavement  at  grade.  A  stable  condition  would  be  approached  over  a 
period  of  several  years  at  a  progressively  decreasing  rate.  Assuming 
for  purposes  of  analysis  that  surfacing  is  not  added  to  keep  the  pavement 
level  and  subgrade  conditions  are  a3  shown  in  Plate  15,  calculations  indi¬ 
cate  that  thawing  would  continue  until  a  total  pavement  subsidenoe  of  1.9 
feet  occurred,  and  1.0  feet  of  thawed  and  consolidated  soil  had  been  built 
up.  The  following  table  is  presented  as  an  example  of  the  slow  rate  of 
cumulative  increase  of  such  a  soil  layer.  The  water  contents  shown  are 
actual  values  as  observed  in  runway  test  pits. 

Preceding  page  blank 
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Water  Void  Ratio 

Contest  Frosan 

%  Dry  Wt»  Subt;r«da 


Assumed  Resulting  thickness  ( inches) 

Void  Ratio  of  thawed  and  consolidated 

After  Thee  soil  for  each  one  inch  of 

and  Consolidation  subgrado  soil  ■sited 


95 

2*8 

0.25 

300 

8.9 

0.25 

9fe 

28.6 

0.25 

G*ilU 

(Ml* 

o.d* 


Thus,  for  a  frosen  ice -soil  mixture  haring  a  water  content 
of  300  per  cent,  eaoh  one  inch  of  -thaw  results  in  an  increaaa  of  only 
O.ll*  inch  of  thawed  and  consolidated  arterial.  To  build  up  the  one  foot 
layer  of  soil  necessary  to  arrest  additional  thaw  penetration  into  the 
high  ioe  content  material  would  require  thawing  approximately  7  foot  of 
subgrade  soil.  Since  the  theoretical  thaw  penetration  into  the  subgrade 
is  in  the  order  of  2  to  3  inches  and  this  rate  will  continually  deorease 
as  the  years  progress,  it  say  be  seen  that  subsidence  in  a  section  where 
the  subgrade  soils  have  water  contents  of  the  order  of  3ft)  por  cent  would 
continue  for  several  years.  Where  previously  unthawed  sub  grade  soil  does 
not  contain  considerable  segregated  ice,  the  seasonal  thawing  during  the 
next  few  years  will,  by  thawing  and  consolidation,  tend  to  build  up  a 
sufficient  thickness  of  eubgrade  free  of  segregated  ioe  to  prevent 
further  degradation  and  subsidence. 

Test  Pit  S-716,  the  log  of  which  is  shown  on  Plate  5*  reveals 


the  highest  ice  content  or  lowest  soil  content  subgrade  conditions  of  any 


of  the  explorations.  Assuming  the  water  contents  shown  (3 18  and  9®  P°r 
cent)  are  representative  of  the  two  layers  at  subgrade,  only  about  3 "inches 
of  soil  will  accumulate  by  thawing  from  U.6  foot  depth  to  7*5  foot  depth. 


The  pavement  subsidence  resulting  from  such  thawing  would  ocour  over  a 
period  of  several  years  and  would  total  approximately  2.7  foot.  Since 
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th*  test  pit  vu  not  of  sufficient  depth  to  determine  the  thick  ossa  of 
tho  lover  loo  layer  an  unknown  amount  of  additional  subsidence  la  possible 
at  this  location# 

Because  of  the  irregular  nature  of  the  distribution  and 
quantity  of  sub  grads  ice,  it  is  not  known  whether  Test  Pit  S-716  re¬ 
veals  an  extreme  condition  or  whether  similar  conditions  exist  at  other 
locations  within  the  subsidence  area*  It  is  believed  logical  to  assume 
that  there  are  at  least  a  few  areas  where  the  subgrade  conditions  are 
as  sevsre  as  at  Test  Pit  S-716*  In  such  areas,  subsidence  oust  be  an¬ 
ticipated  to  continue  at  a  reta  of  1-l/Z  to  2  inches  for  each  of  the 
next  several  thawing  seasons*  Resurfacing  to  keep  the  pavement  level 
in  areas  of  considerable  subsidence  aey,  after  a  period  of  years,  re¬ 
sult  in  sufficient  increase  in  the  thermal  resistance  of  the  pavement 
and  base  to  prevent  further  subgrade  thawing*  Theoretically  a  pave¬ 
ment  thickness  of  2*5  feet  over  5  feet  of  gravel  base  of  the  type  used 
at  Thule  will  protect  the  subgrade  from  thawing.  For  conditions  at 
Test  Pit  S-716  where  the  base  is  4*6  feet,  the  required  asphaltic  pave¬ 
ment  thickness  to  arrest  thawing  would  be  approximately  3*0  feet.  Since 
the  annual  aooumuletion  of  subgrade  soil  by  thawing  will  be  negligible 
at  this  location,  the  thermal  resistance  of  the  resurfacing  material  must 
play  a  major  role  in  arresting  future  thawing  and  subsidence* 

3-02*  PAVEMSFT  H5AV5.  As  shown  in  Table  2,  the  measured  pavement 
heave  resulting  from  refreezing  of  the  base  and  subgrade  ;mte rials  in 
the  area  of  subsidence  in  the  vicinity  of  TR-5  and  TR-6  averaged  0*06 
feet*  The  pavement  heave  indicated  elsewhere  in  the  subsidence  area 
was  of  similar  magnitude.  Although  some  of  the  water  released  by  thawing 


25 


probably  drained  away  before  refreezing  started*  the  distinot  water  table 
existing  in  this  area  throughout  the  summer  undoubtedly  resulted  in  in¬ 
creased  moisture  availability  and  increased  heave  on  freeze-up  in  the 
fall. 

3-03.  SURFACE  COLOR.  Plates  13  and  lU  show  that  the  depth  of  thaw 
beneath  the  white  painted  surface  is  significantly  less  than  that  beneath 
the  adjacent  natural  colored  asphaltic  concrete  surface.  The  fact  that 
pavements  in  arctic  regions  receive  solar  radiation  2h  hours  a  day  during 
the  summer  months  coupled  with  the  much  lower  absorptivity  of  the  white- 
colored  surface  has  resulted  in  surface  temperatures  in  the  painted  pave¬ 
ment  averaging  about  3°C  lower  than  those  in  the  adjacent  unpainted  pave¬ 
ment.  The  net  effect  of  this  lowered  surface  temperature  is  a  marked  re¬ 
duction  in  total  heat  transfer  between  the  pavement  and  the  underlying 
soils  and  a  corresponding  reduction  in  the  maximum  tl«aw  depth. 

The  surface  around  TTW-1  was  painted  white  on  9  ifoy  1953* 

At  this  time  thaw  had  penetrated  to  about  0.7  foot  below  the  top  of  the 
pavement.  It  is  of  interest  to  note  that  this  0.7  feet  had  completely 
refrozen  by  XU  Hay  and  rethawing  did  not  commence  again  until  1  June. 

Thaw  beneath  the  adjacent  unpairted  surfaces  continued  to  progress  uni¬ 
formly  throughout  this  period. 

During  the  spring  of  195U»  the  presence  of  a  layer  of  compact 
snow  up  to  tv;o  inches  in  thickness  on  the  pavement  surface  in  the  vicinity 
of  the  taxiway  temperature  installations  resulted  in  delaying  penetration 
of  the  tha?;  beneath,  tho  surface  until  the  snov;  disappeared  on  about  22  May. 
Thaw  beneath  both  the  white -painted  and  natural  eurfaces  began  on  this  date. 
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Safer ring  to  Plates  13  and  lit,  it  will  be  noted  that  from  22  Hay  to  9 
June  195U  thaw  penetrated  alnost  three  feet  below  the  natural  asphaltic 
concrete  surface  as  compared  to  less  than  1*9  feet  below  the  white- 
painted  surface. 

The  effeot  of  surface  color  cn  rate  and  total  depth  of  thaw 
was  about  the  same  for  both  the  1953  find  I95U  thawing  seasons.  The  greater 
depth  of  thaw  penetration  under  TTB-1  and  -2  and  TT  -1  and  -2  during  1953, 
despite  the  greater  thawing  index  of  19 5U,  is  attributed  to  introduction 
of  heat  into  the  ground  by  excavations  made  on  approximately  h  July  1953 
when  all  four  thermocouple  strings  were  removed  and  re-installed  so  as  to 
move  terminal  boxes  from  one  side  cf  the  taxiway  to  the  other.  The  depths 
of  thaw  in  195U  are  therefore  considered  more  nearly  representative. 

3 -Oil.  GROUND  WAT 3-d.  The  existence  of  a  ground  water  table  in  the 
cut  section  between  Sta.  57*00,  75  feet  left,  end  Sta.  69*00,  50  foot 
left,  during  the  latter  half  of  the  thawing  season  is  believed  to  be  due 
to  the  melting  of  the  ice  in  the  subgrade  soils.  Its  appearance  in  the 
second  half  of  July  coincides  approximately  with  the  penetration  of  thaw 
into  the  subgrade.  As  thaw  began  melting  the  ice  in  the  top  layer  of  the 
subgrade,  the  ground  water  table  rose  rapidly  to  a  level  l/2  to  2-l/2  feet 
above  the  level  of  frozen  ground.  Here  an  equilibrium  between  the  supply 
of  water  due  to  continued  melting  and  the  loss  of  water  due  to  drainage 
was  apparently  established.  The  volumetric  heat  capacity  of  the  newly 
released  water  may  have  exerted  some  control  by  reducing  the  potential  rate 
of  melting  of  the  underlying  still-frozen  soil.  At  TR-5  and  TR-6  the  water 
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table  roTOiced  relatively  cons  tent  with  only  minor  fluctuations  until 
aarly  Septeaber,  when  some  lowering  of  the  table  began.  This  lowering 
of  tha  water  table  paralleled  closely  the  decreasing  rate  of  thaw  pene¬ 
tration  and  consequent  decrease  in  the  rate  of  supply  of  water.  At  TR-7 
and  TR**8  the  water  table  held  a  fairly  steady  level,  or  dropped  slightly, 
from  late  July  until  freese-up. 
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f*RT  IT  -  S01MAH7  OF  3ES9US  AM)  COSCUJSIOIG 

. 1. 1 . mu.  — — 

4-01.  SUtamiY  OF  BESPITS  AM)  COKCUJSIOHS.  Baaed  on  the  foregoing 
•ualyaia  of  the  observational  data  obtained  at  the  test  areas  on  the 
runway  and  south  loop  taxiway  at  Thule  AFB  during  the  195?  and  195k  thaw¬ 
ing  seasons*  the  following  conclusions  are  reached* 

a.  Where  the  total  th*  xneas  of  pavement  and  base  course  ex¬ 
ceeded  the  depth  of  thaw,  the  maximum  depth  of  thaw  penetration  beneath 
the  natural  oolor  asphalt  pavement  at  six  runway  temperature  well  loca¬ 
tions  averaged  7*1  f**t  and  ranged  from  6,U  feet  to  7*7  feet  during  1955* 
and  averaged  7*4  feet  and  ranged  from  6.7  to  6.0  feet  in  1954*  For  similar 
conditions  on  the  south  loop  taxi  way,  observations  in  1955  showed  an  aver¬ 
age  maximum  thaw  penetration  at  two  looaticns  under  natural  color  asphalt 
pavement  of  8.0  feet  and  a  corresponding  average  value  for  two  locations 
under  pavement  painted  white  of  5*9  feet*  in  1954  average  maximum  depths 

of  thaw  for  these  locations  were  feet  for  black  pavement  and  5*45 
feet  for  white  pavement.  The  1954  taxiway  observations  are  oonsidered 
probably  more  representative  than  the  1955  values  beoause  of  disturbance 
of  the  thermocouple  installations  during  the  summer  of  1955?  however,  the 
1954  values  may  also  be  smaller  beoause  a  layer  of  snow  remained  on  the 
taxiway  during  approximately  ?  weeks  in  May  1954*  delaying  thaw,  whereas 
the  pavement  was  bare  in  the  same  period  in  1954* 

b.  rave  wet  subsidence  was  confined  to  two  areas,  each  ap¬ 
proximately  200  feet  in  length,  lying  at  either  end  of  the  area  of  sub- 
grade  cut,  which  extends  from  approximately  Sta.  55*00  to  Sta.  74+00  and 
has  thicknesses  of  pavement  and  base  course  less  than  the  depth  of 
seasonal  thawing. 

*The  Air  Thawing  Index  during  1954  was  the  maximum  value  for  the  six  years 
of  temperature  record  available,  and  20  per  cent  greater  than  the  mean 
value.  Luring  1953*  'the  Index  was  equal  to  the  mean  value. 
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o.  Localised  subsidences  during  a  single  thawing  season  of  as 
such  as  2-l/z  inohes  have  been  reported  by  field  engineers  in  each  of  the 
two  subsidence  areas. 

d.  Explorations  in  the  subsidence  areas  reveal  that  at  some 
locations  virtually  pure  ice  masses  and  high  ice  oontent  soils  exist  at 
or  near  the  subgrade  surfaoe.  Analyses  indioate  that  where  such  con¬ 
ditions  were  i  oundj,  oontinued  subsidence  will  oocur  for  several  thawing 
seasons  and  in  some  instances  may  oontinue  for  more  than  20  years. 

e.  Maximum  estimated  rates  of  future  subsidence  in  the  tones 
near  the  ends  of  the  subgrade  cut  will  be  of  the  erder  of  0.2  feet  per 
year,  with  this  rate  progressively  decreasing  until  subsidence  is  complete. 

f •  It  is  estimated  that  a  total  ultimate  subsidence  of  as  muoh 
as  2.0  to  2.5  faet  may  occur  at  some  locations. 

g.  Because  of  the  irregular  nature  of  the  occurrence  of  the 
ice  masses  end  high  ice  content  soils  in  the  subgrade,  future  subsidence 
will  result  in  uneven  pavement  surface  conditions  and  possibly  abrupt 
changes  in  grade.  Continued  resurfacing  of  pavement  in  areas  of  sub¬ 
sidence  to  keep  the  pavement  properly  smooth  for  operation  of  aircraft 
with  high  landing  and  take-off  speeds  should  be  anticipated  for  each  of 
the  next  several  thawing  Beasons.  The  area  of  pavement  requiring  re¬ 
surfacing  will  decrease  with  succeeding  thawing  periods*. 


\ 


28 


PART  V  -  *3C0;iiEM>ATI0iB 


5*01*  RECOMMBHDAIIOIB.  Based  on  the  results  of  the  investigation 
of  the  pavement  sections  at  Thule  Air  Force  Base  during  the  1953  1954 

thawing  seasons,  the  following  recommendations  are  made* 

a*  Maintenance  of  Existing  Pavement.  In  the  subsidence  areas 
it  is  recommended  that  one  of  the  two  following  courses  of  action  be 
adopted*  The  selection  of  course  of  aotion  will  undoubtedly  be  dictated 
by  runway  operational  considerations  and  by  the  degree  to  which  periodic 
levelling  operations  may  prove  undesirable  with  time* 

(1)  Resurface  affected  sections  of  pavement  periodically 
when  noticeable  or  objectionable  unevenness  develops  in  the  subsidence 
areas . 

(2)  Paint  the  surface  of  the  pavement  white  in  the  sub¬ 
sidence  areas  so  as  to  reduce  depth  of  thaw  penetration,  which  for  the 
conditions  observed  would  eliminate  further  subsidence  except  for  pos¬ 
sibly  a  few  isolated  small  areas. 

b.  Future  Construction*  In  additional  airfield  pavement 
constructi  on  at  Thule  Air  Force  Base  over  subgrade  soils  containing 
segregated  ice,  it  is  recommended  a  minimum  total  thickness  of  8  feet  of 
non-frost-susceptible  pavement  and  base,  of  the  type  used  for  past  con¬ 
struction  at  Thule, , be  provided  over  the  ice -containing  materials. 

Somewhat  less  than  8  feet  of  base  would  be  required  if  non-frost-suscepti- 
ble  material  with  higher  moisture  retention  characteristics,  such  as  sand, 
were  included  in  the  lower  portion  of  the  base  course.  Infill  sections 
over  non-fro st-susceptible  soils  having  a  naturally  ice-free  active  zone, 
advantage  may  be  taken  of  the  latter  stratum  to  minimize  the  height  of 
embankment  required. 
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o*  Additional  Investigations .  It  is  recommended  that  the 
field  investigations  and  observations  at  the  ruarray  and  taxiway  test 
areas  be  continued  during  the  1955  t herring  season.  It  is  recommended 
that  personnel  of  the  Arctic  Construction  and  Frost  Effects  Laboratory 
visit  Thule  prior  to  the  start  of  the  thawing  period  end  at  tine  of 
mariana  thaw  to  determine  the  surfaoe  elevation  of  the  pavement  in  the 
subsidence  areas.  It  is  reooaaended  that  the  Eastern  Ocean  District 
obtain  elevations  immediately  prior  to  and  immediately  following  any 
resurfacing  that  is  done  during  the  thawing  period. 
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ELEVATION  IN  FEE 
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TEST  PIT  S-716— 
STATION  57*95  55*L  OF  ^ 


AREA  OF  SUBSIDENCE' 


PUN 


LEGEND 

□  THERMOCOUPLE  WELLS  13*  cc, 

GROUND  WATER  WELL. AT  MIDPOINT. 


APPROXIMATE  LIMIT  OF  < 


MSS 


*  GROUNO  WATER  WELL 

©AVERAGE  THICKNESS  OF  PAVEMENT,  BASE  AND 
NON-FROST -SUSCEPTIBLE  FILL  IN  FEET. 
(  SEE  ALSO  TABLE  I,  PAGE  8  ) 


APPROXIMATE  LIMIT  OF  SUBl 


o 

♦ 
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OXIMATE  LIMIT  OF  SUB6RA0E  CUT 


AREA  OF  SUBSIDENCE 


?  ? 


F" v»  JUH 

»..  i  1  ai^K 


HORIZONTAL  SCALE 
IN  FEET 


IOOO 


CIMATE  LIMIT  OF  SUBGRADE  CUT 


BOTTOM  OF  CUT,  TOP  OF  SUB6RA0E 


d- 


RUNWAY 


PLAN  AND  PROFILE 
THULE  AIR  BASE,  GREENLAND 


OECEMBER  1954 


PLATE  I 


LAYOUT  OF 


VERTICAL  MOVEMENT  GRIDS 
RUNWAY  8  TAXIWAY 

THULE  AIR  BASE, GREENLAND 


LEGEND 

A  ground  water  well 
O  temperature  well 
•  settlement  point 


PLATE  2 


50‘LT  4  OF  R*W  -  %  Of  RUNWAY 


CUMULATIVE  DEGREE  DAYS  _  Jk 


PLATE  3 


CUMULATIVE  DEGREE  DAYS 

•  •  i  »  « 


NOTE  : 


THE  1949-1950  FREEZING  SEASON  FOLLOWED 
CLOSELY  THE  RESULTS  OF  THE  1948  — 
1949  SEASON.  THE  TOTAL  CUMULATIVE 
DEGREE  DAYS  WERE  8701. 


3-1950  FREEZING  SEASON  FOLLOWED 

'  THE  RESULTS  OF  THE  1948  — 

EASON.  THE  TOTAL  CUMULATIVE 

A 

:  DAYS  WERE  8701. 
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CUMULATIVE  DEGREE  DA 


CUMULATIVE  DEGREE  DAYS 


PLATE  4 


DEPTH  IN  FEET 


Or  o.o 

0.45 


*L 


r  2.9 


1.3 


4.3 

4.6 


5.7 


A.C. 


GW 


GW 

~SW 


PAVEMENT  SURFACE 


ASPHALTIC  CONCRETE 


CRUSHED  SANOY  GRAVEL 


CLEAN,  DRY,  SANOY  GRAVEL 
MAX.  SIZE  8"- 2.4%  FINER  THAN 

0.02  mm. 


W»  4.5% 


1 


GW 

-SW 


W=  5.9% 

GREYISH  BROWN,  SILTY,  SANDY  GRAVEL 
SATURATED  8EL0W  4* -NO  FREE  WATER 
MAX.  SIZE  I  -  4.9%  FINER  THAN  0.02 mm. 
_ BOTTOM  OF  THAW  **x _ 


SAME  AS  ABOVE  BUT  FROZEN 


W«  3IB% 

GREYISH  BROWN,  SILTY,  GRAVELLY 
SAND  SUSPENDED  IN  ICE. 

ESTIMATED  70%  ICE-  FEW  BOULDERS 


W®  962%  ICE  WITH  SOME  SOIL 


BOTTOM  OF  TEST  PIT 


7.5 


LEGEND 

^LOCATION  OF 
DENSITY  SAMPLE 

W*  WATER  CONTENT  IN  PER  CENT 
OF  DRY  WEIGHT  OF  SOIL 


THULE  A.FB. 

LOG  OF  TEST  PIT  S-716 

DATE  OF  EXPLORATION  * 

15  JULY  1952 

LOCATION*  STA.  57  +  95, 

55* LEFT  OF  RUNWAY  ^ 


PLATE  5 


FROZEN 


ORIGINAL  DESIGN  1.5%  UNIFORM  SLOPE 
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PLATE  6 


RUNWAY  CROSS  SECTION 
AREA  OF  SUBGRADE  CUT 

STA.  57+  00  TO  STA.  74+00 
THULE  A.F.B. 


SANDY  GRAVEL 


°ENETRATION  BENEATH  PAVEMENT,  THULE  AIR  FORCE  BASE 


■».  V'  *  ^ 


Ul 


■1 

■ 

■■ 

■ 

■ 

■ 

■ 

■■ 

Hi 

■■ 

r\\\ 

k'  V»  _ 

1334  Ml  Hid  30 


1334  Ml  Hid30 


wm*m 

ling 

t  JH 

mm 

HI 

■i 

!■■! 

m 

I  HI 

IAMB! 

IMNI 

H 

ss«i 

S 

■1 

Mil 

mmmi 

s 

•  II 

»l 

VII 

M 

■ 

fjgj i 

PP£H 

■ 

IS! 

ifli 

ill 

Ip I 

III 

lEi 

iPi 


1334  Nl  Hid 30 


1334  Nl  Hid 30 


PLATE  8 


FORCE  BASE 


FORCE  BASE 
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Cuttings  arc  light  grbyt  well  graded  from  fine 
ireve/  to  fin*  Sind -mux  size  :  W  Vo  visible  it 
sandy  fro  vt!  or  greveUy  Sind  with  cobbles 


Some  os  ' A  “  -mo*,  size  ?  Hi  * 


I  Cuttings  sre  brownish  gray  mostly  fine  Sind 
end  sitt  with  some  organic  metier.  Some  of  too, 
organic  meet  or  consists  of  wood  chips,  no  visible  rce 
Qrovglly  suty  send. 


SM 


Some  es  'C 


Cuttings  bre  brownish  gray,  mostly  mad.  to  fin* 
Sind,  with  same  coarse  chips  bnd  silt  -  ms*. site  a  Vo* 
HO  Visible  ICO-  Slight//  silt /  gfaveUy  Sind  With 

tier. 


OR  I/O  visible  ice ■  Slightly  silt/  graved/ 
Cobbles  bnd  i  truce  of  orhbnic  met 

5M 


i  ■  i  1  hi  i  ii 
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!  Cutting  front  tn -core  rotary  rock 
So.  /liver  S bit  Riq  booncmo  duo  to  Com r sc  yraeel 

Sana  cotobloj.  tc-ctinfs  cam*  yf>  //vie, 
■  no  visible  c hanye  when  thawed  /«  ban, 


l 

So.  River  j  Same,-  Siijfit  color  change  when  than 


Cuttinos  from  tn  -cone  rotary  rock  bit. 

Local  Borrow  Rio  touncino  very  littit  .  Cvtt/naj  came  ay 
frozen  After  t to* winy  ;  color  if  darker  find 
is  Spvnyy  due  to  era* nit  matter ■  Chips 
*f  iif  tot  wood  appear  to  at  from  a  pteoK- 


Local  Borrow  Same  t  less  sponj]/  and  no  wood  chips . 


Local  Borrow  Cuttinos  from  conno  bit-  /Vo  core  reecrond 
and/or  Rio  bo&ntmn  badly  at  timer,  them  runnino 
Native  Soil  smoothiy  due  sca/tend  cobbks  or  boutdoa. 

Impossible  to  deterntin*  where  tin  ends 
and  native  soil  baflns 
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Description  8  Cknsiffcotfon 


„*T  .  I  -See  sample  *£  “  sheet  1. 


0*n5't) 


Ci  i  Cuttings  arc  grayish  bn* m,  mostly  fine  Sana 
Jm  t<f  sut  -man.  sue  -  -W»  M»  visible  ice •  Gravelly 
_  _  *«/  sender  send/  silty  gravel.  Also  a  trace  of 

OR  organic  matter :  7 


Cuttings  ere  brownish  gray.  wen  graded  from 
OH  coarse  saga  to  silt  ‘man-  sue  -  tie  -  A  lew  chip* 
r*  Cm  «*  ice ■  Silently  Silty  sandy  gravel  win  enables  and 
Vj  M  boulders-  Also  a  trice  of  organic  matter. 


A  few  chips 


Brownish  gray,  welt  graded,  silty  gravelly  sand- 
Tee  lenses  of  clear,  colorless  and  hard  )Ce  irregularly 
oriented,  and  massive  ice  with  so/i  par  titles  in 
svsyensien-  Ice  s  ga%t  by  volume. 
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«C*/  Sorrow 
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Utirg  So// 


See  Simple  "£"  Most  t. 


Cuttmnj  from  Corine  hit-  No  ccro 
Nitivc  Soil  recovered.  Core  » or  ref  tine/  tie  were 

coatee  with  wot  silty  S4*S-  At If  Oovnc /no 
Jlifhtly- 


Cut  tin  03  from  con  no  Lit.  On!/ 
it i re  Soil  recovery  ms  <2  -3* stones.  n,9  e0ur.c,n9 

to*//  co  ii.o"  Hit  center  tuny  hero  ot  t/.o , 
in c/  rtf  stopped  3evntiny/  prose  sly  on  4 
boulder 


Core  biJ/y  tsrvKen  and  air  tty  thawed 
Native  Soil  ZSTo  recovery-  Impossible  to  run 
•frozen  density  Semp/c  may  not  t>c 
representative 

Hole  completed  at  £2. 9  ft. 
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ren*tr*+i*n  Hdtet/sm 

Cvttings  are  motet*  kyat  immiek  ora*  wh 
Jm  et  *¥***,  m+s/Sy  fine 
Cu**JkmN»  tvsieM  ice .  Croaked.  mints  M'  « 
te- 
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«  sand -mar. 
gniva/  base 


Cuttings  ere  krswmsn  gray,  most!/  m*d.  t*  ftiee 
Sand  wish  seat*  coarse  edges  -me*  ,  si*  *  •&*  Ms  vtsikA t 
tct ■  Sasdy  fra**/  or  grevtdy  * and  with  CObbfks. 


Same  as  JB‘j  csMr  is  g ray. 


Cuttings .  are  tight  brownish  gray,  matt V  mod. 
Shed  te  sift  with  some  soars*  ck/yt  -mar.  size  *i 
No  visit/*  ice.  Silty  sandy  grave/  or  silty  graved* 
seed  with  cebbf  J.  '  '  ' 
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Remerkj 


fr9m  tn-conerodwy  me*  bit. 
Perm tre  tun  meceddm  mtxed  with  •m', 
cm  .not  ten  #/«#  depth  of  pvMtrJSm* 


Cvttmjs  from  tr,-con*  rotor/  ncK  kit. 
Mlf  boonc/no  due  &0  COirS  •  fvrir/<«W 
Cotttos.  Cy  let  nos,  c«m  up  f  rotes, »• 
lUomp/e  thawed  m  bend  becomes 
Wtd  dump 


Some  *  Simp/m  thiwtd  tn  bind  Sms 
W#  dtstb/e  cbipop.  Very  hard  to  he// 
Source  of  mstirmi  ffom  cutt/WfS  ■ 


LocaI  Born*/ 


I 


same  *  Simple  thowed  Hn  bind  becomes  I 
Werner  bed  damp- 


o 


Loco!  Bono*/ 


Loco!  Borrow 

One  Ur 
'ii/t  Soil 


Some  -  no  disib/e  chinos  when  the  wed. 
but  foots  Stijhtty  Spongy  ' 


Sims  ss  sboue  -  Impassible  to  it// 
fromcutttnts  where  b/H  ends  ond 
ineture  SM  btom/. 
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G»wity 
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Local  Borrow 

iM/w  See  Semite* f*  shat*  l- 
Native  Soil. 


Loci!  5»rr*w  Core  bed!/  e  rumbled  -  £0%  recovery, 
end/or  The  sempte  consisted  of  toot*  f  ravel 
<•  tire  Soil  end  M*  piece  of  undisturbed  core.  Testa 
ere  unreliable,  because  sample  may 
not  be  representative- 


Local  Bern**/  | 
ana  for  I  Core  broKen,  but  yood -loaf*  recovery. 

Native  soil  ■ 


/dative  Soil  Core  completely  crumbled  and  thaw 
tffo  recovery-  Sample  came  out  at 
Corp  barrel  m  form  of  mud.  Tests  an 
this  sample  arp  unm'iabJe. 


Hole  completed  at  at.  S'- 


tctftNa  TR*J 

Location  Rvnwey  j  St<g  34+00  -t. 
Lob  SompteNa  J/-5 


Matcojf  8  Eddy  ond 
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Dttcription  8  Chssiflcotion 


Bituminous  Concrete. 
Penetration  Macadam. 


Density 
bl/fcy  ft 


IB 


1953  Pgrm 


LABOR! 


Como 

-- 

mm 

% 

Sue 

Srefumsh  gray,  minus  tHe ,  try  an  ad  grave/  test  course 
A  to  UlaiBit  /CO  -  poorly  bonded. 

Light  brownish  grey,  VS.y  C/can,  wed  traded,  gnaveSy 
Seed.  Sand  grains  ad  rounded.  am  visible  ice  •poorly  bended. 
DerK  brownian  are/,  poorly  traded.  *  rurally  sane- with 


OOt  j  f  j  97  !  6i 


Or  DerK  brownian  gray,  poorly  traded,  fry  rally  send- with 
IX-NP  §  trace  of  organic  matter  A  few  smut/ /ca  crystals -poorly  boom 

Gp  Dark  brownish  tray,  poorly  graded,  sandy  gravel  with 
a  trace  of  creams  matter  a  few  baraly  visible  ice 
IX  crystals ‘win  bonded. 

i 

Patches  of  dark  brown)  sn  gray,  sandy  grave!  and 
patches  of  dark  brownisn  fray,  poorly  gradoa,  silty 
gtavedy  sand.  A  few  barely  vitiate  ice  crystals.  Grovel  is 
gufto  friable,  sene  is  well  bonded- 

Dark  brownish  gray,  poorly  graded,  Slightly  si/ty, graved 
dtorite  sand,  and  d/orita  quarry  rock? Quarry  folk  sari 
t  by  vdonte.  A/o  visible  ice  -  friable. 

Same  fs*£*  -  quarry  rotk*Sb%t.  by  volume.  Zee 
Stats ,  Up  to  pa",  adhering  te  reek  -  triable  ■  Poorly 
'—'.seedy  grave/.  7  7 

Same  as  £  -  quarry  rock  •  do Tu*  by  volume.  Tee 
Cry  Stole  .adhering  to  rock  and  alto  m  sand.  Poekfomts  \ig7-ff  i  6. S' 
contact  with  veiag[  up  to  J*.  Pborty  graded,  gravity  sand.  ' 

30% t  dior/Ot  Sand,  So %*  diontt  quarry  rock,  g o%t 
heal  borrow.  Ctcat  borrow  is  silty  sandy  grave/.  Many 
ice  crystals  and  some,  ieo  /eases  in  /tea/  borrow.  Ten  tog,  t . 


mmmm 


see  crystals, and  m  thick,  irregularly  oriented  lea  lenses. 
Tea  *ra%t  by  volume.  Also  a  trace  of  organic  matter- 

Same  as  't/“,  but  Use  silt  and  no  ice  lenses 

Same  as  "j  .' 

5M  same  as*^" -  coating  of  ice  around  grave/,  no 

IX  *  1C  /ce  ten*** 


iray/Sh  brown,  silty  gravelly  sand  with  a  few 
Gobbles  and.^  a  small  amount  of  organic  matter.  Many  1 3 S’,  9 
ice  crystals'  and  a  few  thin  /to  lenses.  The  ice 
is  cloudy  to  dirty  and  furte  soft •  Tee  »  S~%t  by  volume. 

Same  db*M*-  lCe*lo%t by  volume,  no  Organic  rsz.i 
matter. 

Same  as  *M"  -  ice  *  2.0%  t  by  volume,  no  organic 
mattes,  color  is  brownish  gray. 

Cuttings  are  brown, *h  gray  mostly  med.  sand 
to  silt  with  some  coarse  chips  '/nay  sis* *'/*".  Cuttn 
cams  up  my  thawed  state  and  very  wet  About  .* 
gf  the  cuttings  appear  to  ba  diorito  Probably  badly 
fractured  trior  it  e  and  till  with  ice  Impossible  to 
describe  ice  condition. 


5M 

IX-II 


Same  as"P"  -  rr°ro  diorite  cuttings 
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Source 
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I  I  I 


£.70  |  So.  Rtvnr 


:  £.79 


x£.79 


\  fife.  Mountain 


fib.  River 
one 

fib  Mountain 

fib.  River 

see 

No.  Mountain 

fib.  fibuntain 
.  9Rd 
F"  Quarry 


Semites  A  tbru  R.  a  7‘-/t3'  ore  off 
rozeh  t*m*  frmm  Rest  'pi*. 

Somptc  A  in&udds  path  rti  ootemm 
end  Snfiiverssnd.  zmpassinm  fiejmmoe* 
0*0  fee  4  feed  freten  CJhmfi  -  tee  friskte- 

piorite  toad  wit*  bed  tv  datamfieead 
dierite  CHufiKS  -IMS*.  Site  ~  4". 

A  mUtur*  »■*  fib.  River  o, rev*/  end  4b 
1 tumtaia  sere.  fib.  diver  motorist  *7d%t. 


The  twe  materials  ere  net  mired  Me.  \ 
River  grave/  *P0%t.  Seed  is  fib/jhustdo] 
dierite .  j 

fit*.  fill*  ef  QVOrry  reefis  /o',  the  frisk* 
to  run  frottn  density  • 


•  8  i  r  \  z 


\y  \  4 


I  30  ,2t 


Ho.  Mdeatsin 

end 

’F  Qvorry 
• 

He.  Mount*!* 

end 

*F*  A  uarry 


\Locs*  Borrow 


Ms*.,  size  of  quarry  roefix  s' 


some. 


No  sample  taken  m  this  sene .  Mstene* 
rum  s  sourest  aU  iAtee- tiny  trad-  Very  herd 
»  eat  *  representative  tampb. 

Mur.  site  Connie  :  0“ 


'  18  i  H  I  € 
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»  18  '■  if  j  7 
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XT  27  j  Af 


[loci*  Borrow  Ms*,  sit •  *  /■/' 


37  JO  /5 


fi»  3/  9 
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i  non  0f)s seic  r 
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i loch  Borrow 


tive  Soil 


MS*.  Slid  *  e.o  -  Ho  start  hue  between 
teen  Sorrow,  end  native  seif.  The  tone  tarn 
9.o‘  to  *,f'rt  <i  mixture  e*  Stand  end  mine  an 
Mi*  Sit*  ef" 


Ms*,  site  *  i  ‘ 


Ns t ift  Soil 
tfittve  Soil  ]  Me*.  Size  :  Z.o’ 


Votive  Soil  Me*,  site  s  t.o ‘ 


Cuttings  from  tri-cone  rotary  reck  nit . 
Native  Soil  m  c.  unreliable  - pnoostiy  lew. 


\ Native  Soil  I  Same 
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See  sempie'T" -sheet  2 
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Cuttings  are  irtostfy  fray  d/orite,  graded  from 
med  said  to  sift  with  a  few  coarse  cnjps-map. 
Site  :  Oii'T  Cutting*  came  up  teamed  and  uery 
pet-  Probably  badly  fractured  diorite  with  much 
tee  and  a  small  amount  of  tm.  no  way  of  Ootcrin- 
inf  tee  condition. 
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-See  ttaUiT*'*  sheet  £. 


Hoitre  Jot/ 
end/or 
Bed  RocK 


I  Cutt/rtoi  from  tri-Cone  fiery  rerkhi 
j M-C.  vmMiehte  -prohehfy  took  This 
ijp/teors  to  he  the  upper  gome  of 
K/ior/ie  bed  reek- 

■:  t  «  »  .  _  JL  ^  JS 


Hole  completed  it  t7.oH. 
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Description  S  Classification 


Bituminous  Concrete 
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Penetration  ffscadanj 

Broyvrush  grey,  minus  lS(  crushed  grovel  hose  course. 


Light  brownish 


vend-  Send  groins 


b  grey,  very  clean,  wed  graded,  enure/// 
off  founded.  Mo  udbft  ice  -powi/bonaOd. 


Dork  brownish  grey, . » ooriy  graded,  grtvaty  send  wide  e' 
trace  of  organic  matter  A  few  smad  ice  crystah-ptorty  horded 


I  crystals  ~  wed  bonded. 

Bitches  of. dark  brownish  gray  sandy  grovel  and 
tcbos  of  dark  brownish  gray poorly  graded,  Silty 

roved/  send ■  A  few  barely  visible  ice  cryste/s.  era 
gm'te  frioe/t .  sand  is  men  bended. 


'ravel 


Derk  brownish  gray ,  poorly  graded,  slightly  sifty, 
graven/,  diorite  sand;  mined  with  diorite  fuarr/ 
rock.  nock  *  IS%  t  by  volume  do  visible  ice  -  frtao/e. 


Same  es''£"  -  ouarry  rock  »  sof,t  by  volume.  Ice 

- - -far  — 


crystals,  up  to !%,  adhering  to  men  • 
/boriy  grama,  send/  grovel • 
same  ad  £"-,guorr/  rock*  7S%t 


9ny  bonded. 


,  ,  volume.  let 

Crystals  adhermy  *g  rock  pnd  else  in  band.  Pock 
to  rack  Contact  myth  wilds  up  to  3  .  enroll*  send. 

30%tdioripo  send,  30% t  guorry  rock,  non  t  local 
borrow  Local  borrow  is  SHty  sand/  grave/.  Man/  ice 
crystals  end  some  dun  ice  tenses  in  /oca/  borrow.  Jteddht. 

Wjfiif.  uowo,  silty,  cto/ivaravol/y  send  with  cobbles 
I did  a  trace  of  organic  matter;  Many  small  ice  crystals  and 
j»  fed  %, irregularly  oriented,  /ce  lenses.  Ice  *  lo%t  by  volume. 


Same  as'‘Jf“-/ess  silt  and  no  ice  lenses.  Ice:  less 
then  r%  by  volume. 


Seme  as  1. 


0  ravish  brown,  silt/,  graved/  send  with  cobbles  and  a 
troco  of  organic  fd age tr.  Men/  ice  crystals  and  ail 


gravel 


td  v*/th  /ce 


Greyish  brown,  sniy.  graved/  send  with  cobbhs  Odd 
e  small  amgv/it  of  organic  matter.  Many  tee  crystals 
end  a  few  thin,  irregularly  oriented,  ice  /eases.  Ice  is 
Cloudy  to  dirty  and  guile  deft,  *  If,  t  by  volume. 


Sams  as  'iiu-ict*ie%t  by  volume,  non- organic . 
Same  as  "ff*-ic§*2oH±by  volume,  non  •organic. 


Cuttings  ere  light  brownish  gray,  mostly  mod.  sand 
to  si/t  with  some  coarse  chips  -man.  site  obit  -  A  few 
chips  of  ice,  but  mast  of  the  cuttings  are  thawed  and 


rery  dot  About  so  7,  of  the  cuttings  appear  to  bo 
diorite  probably  bed//  fractured  diorite  and  till  with 


i/y  a* 

much  ice-  Zmnoss/bie  to  describe  ice  condition. 
Same  as  "p"  -  more  diorite  ■ 


ft 


/ 
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Qfcmm 


0ot«  OH  3' £5  - S3  :  TP  f  -  7- S3  U* -10  S3 

SiAm»tr«d  cy-  S.B. 


So.  River 


Samples  A  thru  Pt  Of"  us'  ere  OH 
frozen  cAvnKi  from  test  pit. 

■  SampteA  inc/vdes  both  the  bote  ceurte 
and  So.  Giver  Send.  Impossible  to  separ¬ 
ate  and  jet  a  food  frost yr  cAunX-  ear  fnebJe. 

piorite  send  with  badly  decomposers 


».  -  ,  o' rift  f  v«r/w  wweeew  •■«//  vv»v 

,Vo.  cJ)ur?As  -m*x,  size  *4". 


No.  River 
end 

Ho.  Mountain 
I  Seme 


No.  Mow>t  tin 

&nd 

*F“  Quarry 


1  A  mixture  of  Ho.  hirer  jravot  end  No. 
'Hour  tom  diarize  seed.  No  Giver  o  ravel  • 
\7sr*t. 

i 

I  Seme,  but  the  twv  materials  not  inter- 
j mixed. 

j  Max.  sue  »f  jusrrj  rrcV  •  to".  rM  fr/ebte  to 
run  fro  sen  density. 


Seme 


i  Seme 


Local  Borrow 


Max.  Size  of  quarry  roch  *S‘. 


I  Seme. 

\ 

j  No  urn fite  teKen  in  this  gone-  Material 
\  from  3  sources,  ad  inter  fingered  -  very 
\hard  to  jet  e  represntotive  sample 

;  Max.  size  cobble  s  §" 


!  Local  Borrow  Max  size  *IJ’ 


Local  Borrow 


.Native  So}/ 


\  Max.  size  *i.o.No  sharp  tree*  between 
local  borrow  and  native  soil  The  zone  from 
IH#'  to  a.r‘  it  a  mature  of  borrow  and netirt  soil. 
Max  size  s  #« 


Native  Soil  Max.  size  -  /  o' 


Native  Soil  Max-  size  *&o‘ 
.  native  Soil  Max.  size  :  i.O  ‘ 


1  ti*o  Soil  Cuttings  from  tri -cone  btary  rock  bit. 
ft-C.  unreliable  -probably  low. 


Native  soil  Same 


Metcalf  8  Edd 


hoi*  no.  r/?N 

location  Run  day  $,*<#.  satis  •£. 
Lob.  Samp*  No.  J2 -S 


1953 


Description  S  Classification 


Owity 

te/cuft 


5e*  saory/o  *R"  .sAretf  i 


ROCK 


Cuttings  art  mostly  grey  oiorito ,  traded  from 
mod.  s  and  to  sift  m'th  a  ft*  coon*  chaos  -max.  sir* 
A  tear  cAi*s  of  icOj  hot  most:  ot  the  cuttings 
art  thooffd  ancf  trary  wee.  Booty  fractured 
dior/to  wit*  a  smalt  a  moon  t  at  ti/f and  moo*  ice. 
Impossible  to  dose ri ho  tea  conditio*. 


completed 


OW'V 

ta/uft 
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laboratory  test  oata 


PERCENT  FINER 


Comp 

Mea  | 

% 

$*tt  j 

1 

aoH 


Na  4 

NalO 

N&20 

Na40 

N0I0O 

No  200 
• 

m 


Sheet  *fef£ 


0«t*  OH  3~JL9'S3 :m-7~S3  to  h-to-jrs 
Submitted  by.  SA 


|"spec»*«c 

i 

;  G'OV'Oy 


Source 

ot 

Materiot 


h ietiee  So*/ 


With/ *  So if 
J-  /M/or 

to,?*  /toe* 


k* 


Set  somp/e  >"  / 


Cvttinfs  frym  tri-coot  rotor/  roc*  bit. 
W  C  unrH/sM  ■  pro 0*0/ /  h*.  This  M*or* 

<®  2*  ***  Ufifior  »0»0  Of  d/brite  bed 
\rocK. 

Hole  completed  dt  ir.o  ft. 


r\ 


PLATE  AS 


Metcalf 


Hofei*  TR*5 

)  'KtJtion  Nun  way;  aid  ra+O-fo'Lt.  L 
Lab.  Samp*  Wo  W-i 


Dttcriptfon  a  Ciouiflcotion 


Bituminous  C-onc  rots 

Penetration  Macadam 

Lithe  brownish  grey,  crushed,  minus  tYn “  poorly 
graded,  Sandy  grout/  No  visible  ice  -  triable 

Greyish  broom,  potty  graded,  Slightly  silty,  Stndy 
revel  Some  ortho  g ra\et  eotttd  pith  i  dun  dim  of  fee- 

Some  as  '6“  with  many  cobb/es. 


SP  Grayish  broom,  pogrty  groped,  grout, /y  send  with 
w  ynsny  cobb/e*  and  biof/dens.  Gestures  sms/t  ,ce 
^  ‘  ***  9nl**f  Abated  with  ice- 


Greyish  brown,  peony  eroded,  s/ioht iy  silty,  Sdndy 
brevet  with  cobbles-  Mony  smell  ice  crystals,  on* 
few  thin  ice*  lenses-  an  gravel  coated  with  ice. 


end  d 


Grey  bodiy  fractured,  diorite  rock-  Surfaces 
Nona  the  fracture  pieties  ere  weathered  and  col* 
is  greyish  brown-  Fracture  plants  were  wet  but 
no  visible  ice • 


ROC 

fblORITF 


I 


Cuttings  arc 

send  •may.  site  a 


grey  diorite,  mostly  nud.  to  fine 
sieve.  /S to  rite  bed  rock 


Dw*rt| 
toa/cu  ft. 


GM 

or  Cuttings  are  gray isn  brown,  mostly  tine  sand  to  silt, 
Ci  j  met.  site  sH.  tfany  chips  ef  dear  ice -  Silty  sandy  gmwl 
OlVl  or  silty  gravelly  sand-  Tee  si-tote  by  volume . 

Grayish  brown,  silty t  gravel/y  sand.  Ice  tenses  up 
to  / "  thick,  irregularly  oriented' thru  entire  Core  Ice 
is  dear,  colorless,  and  hard  s  svrt  t  by  vetvmd- 

tS%  -  fee  by  volume-  ice  is  clear,  colorless,  and 
herd-  Soil  particles  suspended  in  ice,  end  a  few  smell 


'  *  • 

ICE  MS%  I  tcc  by t  volume-  Ice  is  clear,  colorless,  and 
<5. k  i  hard-  Soil  particles  suspended  in  ice,  end  a  few  smell 
'~,IV1  podteis  el  sail-  Grayish  brawn,  silty  sand. 

r  bvm  Brownish  gray,  poorly  graded,  silty  sandy  gravel. 
U“*On  Tee  hap  no  definite  shape  cr  orientation.  Appears  to 
ii  be  a  mixture  of  soil  and  ice  Tee  is  clear,  colorless  and 
'  hard,  -  60%Z  by  volume •  No  gravel  between  ts'andS-o'. 


h.9  t/OOf  | 


K-cvnmrjmmi 
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No  00  !  No  200 


Street  1  eft 

Ooft  DH  J -29-S3:TP4-t*'Sa  to  4-M-tt 
Submitted  Oy  S.M. 


Jo.  fiver  !  frozen  Chun*  from  test  pi* 

•  t 

I 

( mH“  firmest  j  .tew*,  owx.  size  *4* 


‘H~  Ttrrzts  ;  Stmt  •  Cobbtes,  MX.  J/z#  *  //' 


fAT  Terrtet  *  Stmt -mv*.  size  r  z'  ■ 


)£-  73  \h"  Terrace  ;  Stine  -  man.  size  «  #  ‘ 


non  -  fyftstk  ; 


fH Terrtet  I 
i  mitt*  wit »  i 
•  Netive  Soif  i 


|  Cuttings  from  tri  -cont  ropery  nek  tit. 
i  *i]  bouncing  Slightly  -  drill, ny  ftst. 


|  Core  good  -  TST%  recovery 


Native  soil  1  Core  broken  -  X©  7»  recovery 


i  Cor*  broken  -40  To  recovery •  Stony  to 

i- photic  motive  Sod.  s.r‘/  soft  tv  9. o',  hit  nek  ot  *.©' 


[Bed  Rock 


Core  broken  end  the  wed  -  7S7o  recovery 
Core  is  t' long  end  broke  into  vbovt 
10  pieces  wnen  removed  from  t or* 
terre/. 


i  f> 


Bed  Rock 


Cuttings  from  tri -cone  rotvry  reck 
bit.  Drilled  very  herd-  rig  ren  very 
smoothly 

Ho/e  completed  at  n, s’ ' 


PLATE  A9 


Halt  No  TH*6 

lOCtNon  Runwey.  m  tens- SO' U  1 

LafeSomotoNa  J4-S 


Metcalf  a  Edd 
1953 


hk  kkk  A, 


Otacripftoft  a  Ctoisiflcotfon 


Bituminous  Concrete 

Penetration  Recedam 

Licet  bnwnich  fray.  cnpned.  minus  Stb".  |iwt 
sendy  grave!  Me  visible  tcs  -friable.  7 

Greyish  broom,  poorly  eroded,  slightly  silty,  shut* 
torn-  Some  of  the  greed  onto a  mte  e  thin  fhm  of  ret- 

Same  *4 ‘6*  wit*  many  cents w. 


0«iMy 

to/cuff 


COT* 

Was 

% 

$•» 

i 

OH 


C  p  I  Grayish  broom  poorly  graded,  graven/  sand  with 
*-'*  WWW  tobbks  400  bmuhtsra.  Scattered  UneM  ieo  crystals. 
j‘t»  ,  ooo  gravel  coated  with  /co- 

Grayish  broom  poorly  graded,  slightly  zifty.  candy 
tiaeoi  wr*h  cobbics  -  Many  smart  too  crystals  and  4 
'**  thin  me  tenses-  AM  from/  costed  mho  ko- 

„  CU  Cuttings  brpwoieh  <wyy  me*  send  to  si/t- 

11  toes  sue  ■  rtooy  ohms  of  pwe  its-  sidy  sandy  grave!  or 
my  gravity  sand-  Ice  *  *tr%-  '  7 

^  Cuttings  Ore  bray  thorite ,  mostly  fire  sand -mot.  ties 
*mto  stem,  mow  chip*  of  char  ice.  jeer  tee%  by  volume- 
Padh  hectored  dtorite  nek  with  ice  in  str  tot  ■hectares. 


iisaiwii 


No  sampie  recovered,  pea  with  possibly  sane  sail 
Suspended  in  the  tee. 

|  Solid  chorite  roc/C 

Cuttings  are  gray  diorite.  mostly  me*  u  fine 
sand  •met.  site  *  *to  Steve-  Diorite'  reck  with  a  few 
I  fractures.  Tee  in  the  f restore  pienas. 


OlORITe) 


Sente  as  *J *  -  Solid  bed  rock  -no  ice. 


Seme  es  k  ‘ 


Complete 


Sheet  /  eft 


Oolt  QHZ-Z9-53 :  7 Fn-H-SSto4-H~SS 
Submitted  by:  SB 


I - 

j  Sp«c  *< 

\  Jfc*ify 


Source 

of 

Motor  KJl 


Remark* 


I 

| 

So.  River 

i 

.  d.tf#  *H"  Ttrrdce 

\ 


Frozen  chant  from  test  pit- 
Same,  met.  sizes  *#" 


* 

!  Z.7J 


nt"  Terrace 


Wm  Ttrrece 


7T  Terrace 

"HM  Terrace 
mine  wit  * 

Ct/Vo  Sei* 

tree  So// 


Wat/ye  Soil 


Bed  Rock 


Bed  Rock 


u 


Bed  Rock 


Bed  took 


Stmt  -  cotnftSj  men  size  */£’ 


Seme  •  meg.  size  •£* 


Seme  •met.  size  =€ 

■  Cvttirms  from  trr-coae  rotary  reek  Sit. 
urr  chi?*  partly  motto*,  rt. *.  imret/aate.  Rio 
jbotme/rf  doe  to  ooersc  f ravel  an*,or  coabfes. 

Cottiers  from  carino  tit-  No  tort  recovered^ 
J Rif  booncirtf  badly -drilled  Sard.  j 

Cored  from  t.e’  to  W  dery  soft  from 


7.0*  to  T.f,  eery  hard  from  7S  to  M *•  Core  j 
recovered  is  solid  diorite  -/o’ Moo-  Bed  met  j 
starts  at  e.z'.  Materia/  ovortyine  bo*  melt 
is  trostly  ice,  tTr%,  whkh  was  molted  white 
eorinf  hr*  diorite . 

Cutting s  from  trt-cepe  rotary  rock  bit 
Drills  very  hard-  Rio  bovneiao  sl/ohtly  *te 
to  fractures  tn  the  rock. 


Same  -  ftiy  rvrmrhf  very  smoothly 


Same  as  above 

Halo  complete t  dt  /c. r 


PLATE  A 10 


Hotel*  TR*7 

LtetHiH  Runway.  Sta.  t*,cc,  so  ‘It.  £ 
UfeSampteNa  36-3 


Metcalf  a  E 


1953 


A  A  A  AAA 

IftE! 


Dmeriptiott  ft  CteMiflcotion 


Bituminous  Concrete 
Penetration  Macadam 

light  brownish  gray,  minus  itk",  crushed  gntve!  bust 
course.  No  visible  tee,  a  trace  cf  frost  -poorly  burned 


5P-5M  |  Grayish  brown.  slightly  si/ty,  poorly  graded'  gravelly 
ir  .iy  | sued  Mipt  a  trace  of  organic  matter,  a  few  aartfy' 

J  visible  Ke  crystals  and  some  of  the  pare*  coated  *m  kc 

Gray, poorly  graded,  graved/  sand.  Some  of  the 
gravel  coated  with  a  thin  him  of  ice  Also  a  few  cobbles. 


or\ru  Otorite  quarry  reck  choked  with  brownish  grey 
KUVj»V  diertte  sand  Quarry  not  *  §0%t  by  volume  dotes  up 
If ...  to  t"  are  common  due  to  brie  mm  o  of  large  boulders 


No  visio/e  ice  -  fribUe . 


I 

IS 


Grayish  brown,  poorly  graded,  silty  sandy  brave/.  Many 
itregdoriy  oriented  ie  *  rentes  and  m  asms  it  Mi \ IcestoXxby  od- 

Qroyish  brewn ,  Si/ty /  SOndy  grave!  with  Cobbles.  Many 
irregularly  oriented,  tea  lenses  up  to  ft"  and  massive 
ice  amund  the  cobbles.  Zee  is  hard  dear  and  odorless,  - 
30%  tty  volume • 

Grayish  brown ,  silty  graved/  sand  with  scattered 
Cobbles.  Many  irregularly  .oriented  He  lenses  uptoMt" 
tlnck  and  soma  massive  no  mostly  artund  the  graver  Ice 
IS  dear ,  Cdodess  and  hard,  s  OCTot  by  volume. 

Same  as  6",  with  gray  mottling.  Zees  SO%t  by  volume* 

Brown  si/ty  sanVy  gravel  with  scatter  to  cobbles.  Mont 
thin  ice  lenses,  up  to  ye",  lenses  ire  parallel  ana  yn“r 
apart,  gives  soil  laminated  appearance  Also  some 
QM  massive  ice ,  mostly  around  stones.  Ice-  sox  t  by  volume 


Same  as  J"‘-  occasional  larger  tenses  tv#". 

Grayish  brown,  titty,  dayOy,  gravelly  sand  with  scattered 
Cobbles .  Many  very  thin  ice  lenses  up  to  Vis" thick  Lenses 
are  parallel  and  »"  to  At"  apart,  gives  soil  laminated 
o.,  oppepraoce-  Also  some  massive  ice,  mostly  around  stones 
Ice  is  clear,  colorless,  and  hare,  ssoxtfy  volume. 

15-H 

Same  as  "L”. 


N  }  ICE 


tVTjJ/  rrj  r.  I 


Ice  *  9o  T»  t  by  volume •  Ice  is  stratified,  layers 
Of  dear  co/or/ess  ice  with  alternating  layers  of  dirty 
tee  containing  suspended  particles  or  grave!  sand  am!  si* 


Sneet  /  at 

00t«:  D*t3‘3hf3 :  TP*-  lfS3to4-ie-rs 

Submitted  by*  *S. B- 


Sourc* 

of 

Motor  *o  l 


pto  River 


Sampm  A  t*rvM  a<'-*o  ana  *  l  id¬ 
s',  w  ad  /men  chunks  from  test  fife. 


Source  of  mute  rial  possibly  "d"  Terraco 
9r  arte  attune  r"  Quarry. 


to.  River  flay,  size  cobb/e  eg". 


~F  Quarry  Mapsite  of  Quarry  rotkx  so'-  Sanyde 
and  Consists  of  diorita  sand  end  brave*  she 

No.  Mountain  quarry  rock  ,  Materia/  too  fries**  to  run 
frozen  density. 


Naime  Soil  Native  soil  atf.7’.  Chanqe  from  fin  to 
native  soil  is  sharp- 

Native  Soil 


Native  Soil 


'2.69  \  Native  Soil 


Native  Soil  |  Cere  broken,  but  food  -  7 S' 7*  recovery. 


{Native  Soil 


i  2.  7 S'  \  Native  Soil  I  Test  pit  completed  <at  n  o'. 


Native  Soil  Core  food  ~  too  7b  recovery 


\Native  Soil  Core  food  -  7S  7o  recovery 


tmm  tr*7 

lOCOfiOft  RvrtWiy:  St4  69+00,  Salt.  i. 

iMt  jompONa  36 -s 


ggggiQfc  tddv  ond  Alfred  Hopkins  8  Associates 

Project  Blue  Jav 


iliyiiA 


LABORATORY 


TEST  DATA 


Owarfy 

ll/Cttfl 


Comp  Mm. 

%  »tt  I  ‘f 


Ft  WENT  FINER 


f  f  |  Ntt  4  |  NaK>  Inol20]N0l4O 


foyers  of 
yors  of  eirfy 
rt'S*#  ortooitt. 


//» the  form  of 
fen  tocos  fro 


OaHi  DH  3-JI-CT  TP4-(S-SJto  I'/ISS 

Submitted  by-  S.o. 


Scutee 

of 

Remarks 

Mott'iol 

Mjtivi  Soil 

Core  food  -  rsTt  recovery 

Native  Soil 

Core  food  -  ioo+r  recovery.  Insufficient 
mete  riot  to  run  laboratory  tests. 

Motive  Soil 
a  no  /or 

Bed  RocK 

Core  food  -  too  %  recovery  Probably 
the  upper  zone  of  d/on'te  bocf  roc* 

» 

Mote'  completed  ee  K  t  ft- 

I 

> 

i 

t 

■ 

i 


i 


i 


PLATE  A  12 


No.  TR*8 

iHoc  Runway  ■  Std  €3fl3,  S3 L 

8«mp^Na  w-j 


ikikAkk 


Metcoif  ft  Eddy  o 

Pr 

1953  P*r 


LABO 


OftcripMon  £  Cte*$it»caHon 


turn  nous  Concrete 
Penetration  Moceaem 

Light  brownish  grey ,  minus  aH"  crushed  gravel  base 
course ■  do  visible  rce,  <s  trace  of  frost -poorly  bonded- 

5P-5M  Greyish  brown,  poorly  graded,  slightly  silty,  grevedy 
Send  with- a  trace  ef  organic  matter,  A  few  barely  visibia 
ice  crystals,  end  seme  of  the  grout!  coated  with  ice 

5p 

'  Gray,  pool  !y  graded,  ora  rally  sand  with  cobbles,  Some 
of  the  grate*  coated  with  a  vary  thin  fi/m  of  ice . 


Oiorite  guarry  rock,  choked  with  brownish  gray 
dioritt  send-  Guarry  /oca  *to%tby  volume-  voids  up 
to  C*  are  common  due  to  bridging  of  large  cobbiss. 
do  Visible  ice  -  friable  - 


Grayish  brown ;  poorly  graded  Silty,  sandy  gravel- 
Many  irregularly  orianted  ice  lenses  and  masses 
tb  Ji"  life  o  by  volume. 

Grayish  brown,  silty ,  sandy  gravel  with  cobbles.  Many 
irregularly  oriantmd  tee  lenses  up  to  vk‘\  and  massive  ice 
around  the  cabbies.  Tee  is  hard,  clear  and  colorless  : 
Mo7,±by  volume- 

Grayish  brown,  silty  gravelly  sand  w  tn  scatfj.'cd  „ 
cobbi 4v,.  Many  irregularly  oriented  ice  lenses  up  to**,. 


is  dear,  colorless  and  hard  *  40  Tot  by  volume- 
Same  as  v ",  with  grey  mottling-  Ice*  so%t  by  volume , 


0*ncity 

fet/cuft 


Brownish  gray,  silty ,  clayey,  gravol/y  sand  with  cobbk 
Many  small  ice  lenses  up  eo  hr ",  Lenses  run  in  an 
5M-5C  directions  and  form  an  intricately  laced  pattern 
Ice  s  40  To  t  by  volume. 

15-il 

Same  as  T“  but  color  is  grayish  brown. 


Grayish  brown,  silty ,  clayey ,  sandy  gravel  with 
cobbles-  Many  thin  ice  lenses  up  to  hr" thick.  Lenses  \ 
hre  parallel  and  /y" to  *  apurt ,  gives  soil  laminated  ! 
appearance-  Also  massive  tee  around  the  grave i- 
Much  of-  the  ice  was  melted,  and  outs idr  ofc-'re  crumbled. 

Light  pinkish  brown,  silty ,  clayey,  gravelly  sand  with 
scattered  cobbles-  Many  sman  ice  lenses  up  to  yit" 
thick,  Lenses  run  in  au  directions  and  farm  intricately 
Heed  pattern-  Tcoe  so%  t  by  volume . 

Grave/,  send,  she  end  possibly  clay  with  much  ice- 
Badly  fractured  d to  rite  rock  at  bottom  of  hole-  Sample 
comnletoly  thawed  and  unreliable  , 


i i-Ttti-n  i 
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dm*  me  a**  m*.  -Jgjg 

U/tuH  %  %  Sin  if  f  ,f  No.  4  NalO  No 20  No 40  No <00  No 200 


fom/  base 


**r  si/by,  freuedy 
mo  earn/  mitts 
K*r  with  it*. 


e*  mm«£  some 
fi/m  of  ice. 


rwnish  ore/ 
tom*.  Voids  up 
re  to/ye  i.att/es. 


,  seedy  fotosi- 
mod  messes 


>  cobtass.  tfpny 
me  mestizo  ice 
end  coterits*  s 


rite  scattered 
tenses  op  to  it. 
t  tMe  freest.  Ice 
by  volume. 


|  SC%t  by  returns. 


sme  With  cel 
es  rue  in  *// 
>csd  pattern. 


roue/  with 
"this*,  tenses 
Soil  /amnreted 
*  the  f reset 

to  of  core  ctvmtded- 

we  tty  send  witn 
ajes  op  to  y,(  “  SS ■  l 

form  intricate*/ 


vith  much  ice- 
v  of  ho/e.  Semple 
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» 
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£ST  OATA 
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No  OO 
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1 
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» 
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M  !  33 


U  !  39 
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1 


44 


3/ 


46 


Na200j 


or 

3 
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IS 


39 


n 


41  ,  30 


49  34 


34 


34 


S3  33  !  31 


24 


ae«Mi 


34  j  14 


IS 


17 


14 


40  j  36,  .  32  j  24 


34  !  26 


IS 
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Ll 


It 


is-  i  /7 


18 


22 


16 


P  L  ■  P 


Sp*c*< 

jfW'fjf 


is  :  3 


17  IS 


14 


14 


17  j  13  f 


i6  j  e 


,  // 


3.84 


Sourct 

of 

Malwal 


Remorkj 


Jo.  fitver 


I 

Sompie*  O.e'-xo'tre  HiT 1 

freteh  chunns  fremtast  pit.  4 


M».  Aider 


Source  of  moteriot  possibly  "//“  Terrace 
or  #tm.  treated  ’A" Quarry 


Max  are  cobble  ~f“ 


*F“  Quarry  |  AKM.  quarry  nocA  *jV.  Sanys/e  j 

ana  !r/ue/(pRc  a/  vJnMmaA*  C.iito/  J9^oJ  tite 


and 
No.  Meant  tin 


I  Native  Soil 


\  Native  Seil 


consists  of  d/orite  sand  toe!  ora  at!  site 
Quarry  recK .  Materia/  tee  rriaota  to  run 
fro  sen  density. 


Native  Soil  at  s.  7 Chanee  from  fid 
\Co  native  Set/  is  story. 


Native  Soil 


3.6  B  | native  Svl 


■ 

i 


% 


*0, 


j 

!  j  Care  partially  thawed as  witnessed  by 

\  Native  Soil  [pennies  on  outside  with  tarot  voids  or* aim 
'  it  Meet  AtC.  and  density  results  unreliable .  * 

tooth  recovery. 


Native  Soil 


Wttive  Soil 


Native  Soil 


Native  Soil 


Same 


I  Core  ttdb  thawed •  M  c  unreliable- 
Un/yjoa/ble  to  run  fresen  density t  because 
1 all  tut  center  of  core  crumbtea- 


Core  food  -  Surfaces  s/i^btly  thawed- 
I0o  7i  recover y 

Only  recovery  m  th(s  zonp  was  sHof  i 
crumbled  core  of  whKh  snout  7 ft*  was 
badly  fractured  chor/te  Pmoabty  hit  thorite 
tt  fat  ‘ t  and  materia/  above  was  mostly  ite 
JOtfi  todt+Me  SdOfULiJMySL  6BSJ2ZZ. 


PLATE  A 13 


•  0*pth 


UftCfipiW  Q  vIOMvCOnOn 


rm^rm 


Concrete 


Cvtiihos  St*  pray  and brew*  with  dSpbe/t  T6*,„ 
*">S  sfrhsi*  pr/tmsnr  eaerying  e  ~  of  minus  %&  , 
crushed  frarsf  base  course  '  * 

CvtttkfS  are  grayish  brsym.  ct**n,  well  grades, 
send  -  ms*,  site  *  /Sr.,  do  y/s  y*  kef  send/  graei/ 
or  grevM/y  rood  with  —Mss.  f  7 


Cwtt.fi* 

Send -tit. 
to  So  dt 

sand-  hi 


9*"/ 


ROCK 

and 


Cuttings  sre  most//  fro/  dforite,  ironed  tree.  med¬ 
io  fme  send  met  o  /for  none  ctups  -atari  sue*  fa" 
Groy  dmritt  fuerty  rocK  Cbo/ctcf  wit*  sand  and/or  grhvel. 

Some  dS  "D* 


Some  ss  "O' 


Same  ss  "/?“ 


Same  as  0 


G  Cuttings  arm  brownish  9C*y,  wed  graded  from 

or  coarse  sand  .to  silty  mar  size  *  3/i v  A  tew  coins 
GUI  dioritO-  Slightly  Silty  sandy  drone/  or  gravelly 

sand  with  cobbles.  '  v 

Cuttings  .are  light  prown.  graded  -fret*  coarse 
sand  to  S//t -max.  sue  *1*4  sieve.  s/ignty  siity 

frave/iy  sand  or  sanc/y  gravel  with  a  Small  aphvnt 
f  organic  matter. 

Same  3S  K“’  Color  grayish  brown. 

Light  brownish  .gray ,  si/ty,  grave///  sand  with  0 
trace  of  organic  matter.  /Vo  v/s/n/e  ice -we// 
bonded- 


Cuttings  are  gray  ^  mostly  un/torm  coarse  sand 
with  some  fine  send  and  'silt-  Slightly  silly  sand/ 
gravel  with  cobbles- t/o  v/jis/e  ice /  cutting*  art  quilt  wee. 


sP  Brownish  gray ,  poorly  grad&d,  sandy  gravel  SO%Z 
0 f  thg  gravej  u  dior/te  Surface  of  core  cem/Mity  Om*/c 
M  showing  loose  •  tort*  and  large  voids.  Center  of  core 
It  rohotice.  Many  /octets  of  massive  ice  up  to  hh"  and 


Con* 

>  I  *«  i  'f  I  f 


9  \S.4 


8  Associates 


ST  DATA 


Sheet  of 

Oott:  OH  Ji7-SJ :  £>1*4* -S3 
Submitted  by:  £A 


Specify 

6w»»jr 


.  .  Sample  A  include*  Jboth  the  depnm 

No.  Piter  paytacent  end  m*  course.  Cutting*  from 
tri-cone  rote/p  rccA  bit. 

y  TTtrrjct  Cuttings  from  tri-Cone  rot  try  rock.  Ary 
bouncing  are  te  coots  e  gravel  end/or  r-tt—r 


yrermce 

On/  Some 


F“ Quarry 


F  "Querry  j  Seme  -  d  riding  very  her/ 


F"  Quarry  J  Seme  -  drilling  eery  fare 


Fu  Quarry  j  Same  -  drilling  eery  herd 


F"  Quarry  I  Seme  -  drilling  very  herd 


F”  Quarry  j  Seme  -  drMng  *  very  herd 


oca /  Bornrr  Seme 

iccoi  B*rr*w  Cuttings  from  Carina  bit-  Cored  thru 
end/or  this  rone,  bet  no  core  recovered-  herd  te 

Native  Soil  tell  where  tin  ends  end  nr  tire  soil  start*. 

Estimated  depth  to  no  tire  Soil  if  9./'. 


Nature  Soil  j  Cut  tin  os  from  canny  bit  -no  core  rt' 
Vovered. 


Native  sail 


'at/re  So// 


Native  Soil 
and 

Bed  fiocK 


O 


Cora  badly  broken  *  7f%  recover*- About, 
3" of  solid  core  rest  crumbled canef  mostly 
q ravel.  Tests  rvn  on  3"  solid  core.  Sdmi 
bey  net  be  representative- 

Cuttings  from  cere  bit -no  core 
| recovered . 


Core  badly  crumbled  and  thawed-  7f7o  re¬ 
covery  MC.  unreliable  me  the  upper 
surface  of  diorite  bed  roc*,  at  /3-3‘t- 


PLATE  A  I 


Metcalf  8  Ed 


m 


Htftfte  TRm$ 

LenliM  Runw*y  St*.  mtooJ  i. 

U>  5wp*tNa  2i-« 


1953 


Description  ft  Owiflcotiwi 


ru  I  #  Cw  O/tty  S***Oy  motonoi  it  «/  m 

I  diwit*  •  ftoty  ic*  crystals  One/  irrtfWOrlr  ontotod  ito 

II*  IX  \t*ot*t  up  to  H'thkk.  Tct  it  efeor, cotwrots  on*  Onrdtx 
SQ%*  fy  vohtm o  » 

Bptfiy  frtctvroO  cfiorite  rack,  with  k*  in  ih*  fntetwss. 
ft  /«  de*r '  cttor/ett.  no  Onto* 

Cytti/tft  ore  froy.  mostly  mod.  to  fit*  so**-  A  few 
chip*  otic* .  BoOty  fro  civ  red  dtorie*  with  ic*  is 
the  f rector*  ******* 


S*»*  os  "T" -no  ic*  t  not  os  hodty  froctvred. 


Cuttm  •*  or*  Jt*y,  mot  tty  med/vm  to  fir 
mot.  SIS*  >#'.  He  vtsiAJe  tct.  very  dry .  Roc 

tou*  dwrite 


<  fine  **od- 
Rock  now 


Some  os  V 


o  npieto* 


or 


.  — - A.  ■  ■ 


Metcalf  8  Eddy  and  Alfred 


Project  Bfcie  Jpg 
1953  Bermaftoif 


■UTIi-  lflvJiAH 


Cam 

Mas 

% 

S*n 

LA0ORATORY  TEST  DATA 


RfRCCNT  FINER 


ana 


Nft  4 

NQlIO 

No.  20  ] 

N&40  ] 

He  00 

No  200 

Ootft.0#  3-»7-sj:  3 


Submitted  by:  SB- 

Source 

of 

Material 

Remark* 

Red  Roc* 

Core  food  -  Ido  %  recovery 

Red  Rock 

Bad  ftocK 

Core  feed-  K»%  rawer*,  dot  On***  os 
enough  to  fee  sn  M-A-  r  ~ 

Cvttinos  from  in -carte  rotary  reck.  Sit. 
Htf  bovhanf  coJty  ' 

Bed  RocR 

Ssnie  *  r/y  bo*»ur.f  stifhtty 

Bed  AocK 

JryVard  9  "**'1  S*°0e*'/‘  ***9 

Red  roc^ 

Some 

Hole  completed  St  / g.o ' 


PLATE  AI5 


Hilt  Mli  TR*/0 

Location  Run#ay :  Sts.  9/  +/3,  l 

LatSomplaMa,  S2-$ 


Metcolf  8  Eddv 


1953 


ROCK 

G 

or 

s 


gravelly  send  with  dionft  guarry  reek 


Cuttings  ore  fray,  most/f'med.  and  fine  send  wit*  rf 
few  coarse  chi  ft  -  me*,  site  *y<*  ‘ '  About  m%  appears  'to 
he  diorite  ■  fit  risible  tc*.\  Didr  it*  fverry  rocA  c  honed  vgfh 
Send  or  g revet- 

Same  as£  "-abcut  7r%  a, ante 


Cuttings  are  brown,  well  graded  from  coarse  to  ft*e 
send -men  sites  «*'■  Mo  v/sihit  ice.  sandy  grave/  or 
grevc/ly  sand  with  ccbgies 


Same  <as  G  Color  grayish  drown 


Same  ■  ds  "G  V 


Cuttings  are  grayuh  brown,  graded  from  meet 
Sand  tv  si/t  with  a  few  coarse  chips  and  a  small 
amount  of  organic  matter.  No  visible  ice.  Si/ty 
sandy  graye/  or  si/ty  gravelly  sand  with  a  s mail  amount 
of  organic  matter. 


Same  as  "k  "  -  /ess  organic . 


<-p  Brownish'  gray  poorly  graded,  sandy  gravel.  Many 
tee  tenses  up  to  /a. "  thick,  and  a  ftw  pochets  of  icm 
ic.ij  up  fo  /''•  Tee  is  c/ear  c o/onecs  and  hard  *  ts%tby  volume.  111.  6 
"  About  SV%  of  the  gravel  is  angular  diorite  fragments. 

r\Ai  Brownish  gray t  we//  graded,  sandy  grave/.  The. 

'J”  Sand  is  decomposed  and  weathered  diorite.  whf/e  ere 

- -  V  baJiv  f  -* -  '  - 


c//*ntt  bed  reck.  let  /$  sitebtiy  cjot/dy  jnd  w\ tdicd 
between  the  fractured  diorite  d4b%t  bv  Volume, 


Sheet. /  ol  2. 
*  Oot«-  DH  s-i 7-sj :  dk  4-*  -« 


Submitted  bjr>  SB. 


Source 

of 

Remark* 

Material 

No.  /titer 

.  Samples  ‘A '  thru “l  '  a conoise  et 
Cuttipes  from  trifooo  rotary  race  bit. 

If  if  bovnemf  badly 

Wmtrrace 

Same 

'/TTorroc* 

same 

W  retrace 
and 

T"  Quarry 

Same  -  hit  quarry  rocK  between  J'and 

‘F“  Quarry 

Rtq  bound np  badly  -  drilli  np  very  bard 

"r*  Quarry 

Same 

JR/ip  bou/tc/i^y  -  Sovrto  of  material  «">* 
Known,  possibly  local  OorroW. 

i 

1 

i 

Same  ! 

Same 

\ 

t 

Native  Soil 

5  dmt  -  bard  to  te//  whore  ft//  ends  and 
natire  soil  btyino  Estimated  depth  to 
native  soil  *  9.0 ' 

Native  Soil 

fdy  bouncir/y  St/fht/y 

Native  Soil 
and 

Bed  Kook, 

Same  -  Estimated  depth  to  start  of 
diorite  ted  rocK  sit.  7'.  Ctre  yood-/oc% 
recovery 

Bed  /toe A 

Riy  bovnemy  badly-  Core  yood~  >oo% 
recovery. 

t 


PLATE  A 16 


Metcoif  S  tdd 


Halting  TR*fO 

Location  Ran#*y:  St*  9H-/3,  L 

UAiSompitNa  zz-S 


Description  8  Classification 


See  samp!*  N",  sheet  I 

Badly  fractured  diori&e  ncK .  Ice  along  tee  fracture 
places.  Tc*  -  to%t  *y  uohrma. 

Cuttings  are  gray  dtcrite  t  vastly  rued,  sand  in  sit*.  A  ft* 
small  difya.  at  ice.  Sad i/  fractured  die  rice  wit*  ice  in  t*e 


fracture  planes- 


Same  dS  Q“-  rear,  h  t //  ••  tut  t ci. 


ROCK 


Same  as  (3 no  ice ,  solid  ncK 


1953 


Completed 


LABORATORY  TE$T  OATA 
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PERCENT 
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%  i  S.»  |  1} 

r  I  r 
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No  4 

NaiO 

No.20 
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Oott  DH  3-27  -T3  :  DM  d-t  ~s%3 

Submitted  by*  SB 


1 - 

j  Spre>»< 

j  Grov<t» 


Source 

of 

Moteriol 


Bed  tack 
Bed  Rock 

Bed  RocK 

Bed  Rock 


Bed  RocR 


Cere  jood  -too  7*  recovery 
Core  crumbled  *  7S7»  recovery 


Cut  tidy*  from  core  pie.  /i >o  cor*  rearer  A, 
\Rif  bOdOCtnf  tOdly f  dridiof  .*mW-  ! 


Remark.* 


Same  - rtf  toroc/rtf  siifotiy. 


Cvtt'rtot  from  tri-coo e  ro*ory  rock  tie 
Ikip  nronutf  j  moo  thly  -  c/rtiitKj  r«ry  tor*. 


Hole  co/rifdeted  at  79.0  ‘ 


£A 


PLATE  AI7 


*  D«»th 


77?*// 

Run  nr  ay  •  Sta.  9 3+ so,  L 
•No.  /7-5 


Dttcriptioft  ft  Ciouificotion 


Bitvenmet/s  Concrete 


Otroty 

fctAju  ft 


Cottony t  ore  brr» miss  yhty,  yradod  from  pee.  or* no/  to 
ties  send  No  visible  ice.  Minus  d/i“  crvahod  graved  tost  course . 


Cuttings  are  1/yAt  brownish  grey,  pros  toy  men.  to  fine 
sand -may.  site  sty"  Zfo  visible  ice.  Sandy  gfaxei or 
gravelly  sane  with  sc  ottered  ccbbus- 


Same  as  "S’ 


Cuttings  are  9rJy,  graded  front  coarse  to  fine  sen 
max.  site  s y&“  Above  7S~%  of  cvetmos  ere  drorite.  No 
ROCK  *  is iote'  ice •  0/or/tt  gt/erry  roc  A  chcAee  with  sand  or 

amt 


Same  as  "P"  -  abovt  ro  *>  diontt 


Same  as  "D  "  -  a  boa?  so  %  diorite 


Cottony s  are  light  brownish  grey,  mostly  mad.  Sene 
to  site 'max.  sue  tty".  No  v/tob/e  tee.  S//ty  sandy 
grade/  or  silty  gravelly  send  with  scattered  cobbles. 


Same  as  G ''  max.  s/xe  *  He' 

Same  as'G“ ,  bet  more  site 


Same  as  "J" 


5M 
IX- 1C 


Grayish  brown,  Silty,  gravelly  sand  with  cobbles 

and  organic,  meteor  Mary  email  /<,-«  crystals, 

3rd  a!/  end  gravel  /.■  c-catea  enth  J  fi/m of k.% 

-  /C%t  by  volume. 


GM 

IX-IC 


Same  as  L"  -  silty  sandy  gravel 


Mefcotf  6  Eddy 
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Metcalf  6  Eddy  and  Alfred  Hookins  Q  Associates 


ins  3  Associates 
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ST  OATA 


FINER 


No.NO  INo  OC  i  No  200 


Sheet  of 

Oott:  PH  3‘20S3 :  £*V  4-S-S3 
Submitted  by :  S.B. 


LL 


mss 

UmlSEl 


Source 

of 

Mottriol 


I-  Simples  AthrvF“  o.r-/0\  coiiJTTctr 
CuttMfs  from  Crr-co**  r*e*r/ roc*  pit. 


No.  River  fa'f  Oov/>cis>f 

H"  Terrecp  Seme 


H“  Ter  nee  Seme 


F''  Qverry  Seme 


F'Qvirr/  |  iime 


F'Qverry  I  Some 


Loch  Borrow  j  Some 


Lose/  Borrow  1  Some 


Loco/  Borrow  I  5  a  me 


Late/-  Bom*/  Some 


6  27  /& 


Motive  Soil  I  Core  bod//  broftn  -  40  7o  recovery 
Wetii/e  soil' Starts  Cctwttn  to' end  //'. 


27  1  2/  S  2 


I 


/Votive  Soil  Cove  badly  broKcn  -  F0  7o  recovery 


Hol»N&.  TR*i\ 

Location  Run*  ay :  St  a.  S3  too,  & 

LakSompteNa.  /T-5 


Metcolf  &  Eddy 


Ootcription  8  CtoMlflcotton 


0 **fy 
te./cuft. 


CM  Cuttings  are  brownish  grey,  mostly  fine 
or  "**■  <«f  W  trace  of  organic  mae/or.  No  vis). 

51^1  tilt/  gravedy  *»»•  or  s./ty  sandy  frurtf. 


i  and  with 
visih/e  tee- 


Cuttings  ins  brownish  gray,  dean  wed  graded 
Sana  with  some  coarse  chips  -noa*  size  s  Ye  •  Afc  visih/e 
ice  Sandy  grave!  cr  gravelly  sand. 

.  Cuttings  are  brownish  gray  fine  sand  with  seme 
Hit  and  a  trace  of  organic  mateer .  No  vi sitae  ice  • 
Si/ty  sandy  grand  er  saty  gravedy  sana- 


Same  as  Q 


.  Cuttings  are  brownish  gray,  mostly  fine  sand  and 
tilt  •  Cuttings  very  wet ,  and  /nary  Son  Sr/  chi y$  of  ice. 
3iitg  grove///  sand  or  graved/  sandy  sat  with  much 

or 

ML  «  ..  ... 

Same  as  T  -/to  vismie  ice  _  a  few  chips  cf  d/orite 


Cuttings  are  brownish  gray  most//  med  to  fine 
Sand  with  some  Silt  About  90  yi  dioritt.  f/o  visihft 
ice-  Bad//  fractured  diorite  rocs  with  some  si/t  and 
Sind  in  the  fractures. 


Cuttings  arc  gray,  uniform  med.  to  fine 
ohd  dionte  rock. 


Sand. 


ROCK 


Same  as  "W ‘ 


Completed 


B 
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LA 


Como 

Mn 

% 
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Otnwty 
fa/Cu  H 
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LABORATORY  TEST  DATA 


PERCENT  FINER 


Comp 

Max 

% 

Sift 

I 

DOB 


t/y  f,nt  i&idwii* 
tfmr-  No  i/isio/c  no 


w.  i vcN  grjOed 
ue  s  '/»  ■  /ft  Nsio/e 


~end  with  some 
'  -  A to  visi&e  ice  ■ 
in/ 


Uy  fine  ssef  oof 
M  chi  ft  of  ice. 

1y  si/c  with  moth 


Ooft  DH  3-^0  S3 :  DH<-S~-S3 
Submitted  by :  SB. 


Spterf* 

S'ovifgr 


Source 

of 

Motoriol 

Remark* 

Votive  Soli  |  Cuttings  from  can  bit  #o  core,  recover**. 


J  Same  -  Tbit  Material  appears  tco  cJt*n 
Votive  Sotf  Ifc  Af  from  to  it  tone ,  pos&iot/  cave  in 
'.■front  above. 


I  Abe/ re  Soil  1  Cuttings  front  core  bit-  Ho  core  recover**. 


Native  Seif  Same 


Votive  soil  I  Same 


fative  Soil  Same  -  bit  vpper  surface  of  thorite 
feed  rock  between  /?  'and  ao' 


Beet  Mock  I  Cuttings  from  tri-cone  rotary  rock 
'bit.  Brill  in  <j  very  hard  t  riy  bC/vntmf  b»d!p. 


j Bed  Rock  j  Same  -  rig  running  smoothly. 


Bed  Rock  Same  as  above. 

Hole  comp/etad  at  as. s' 


PLATE  AI9 


t 


Holt  No.  TR*  12 

Location  Runway  St*.  93+tS,  L 

Lofa-SupUHa  IS-S 


\-zi- 


OttcripHon  a  Ctahsifkotiofl 


iikuminoJi  Concrete 


■  Cuttings  are  brownish  gray ,  graded  fmm4y*to 
Wine  seed,  tfinos  e&*  crushed  gran a/  base  course. 


Cttfti/jfS  are  Strewn,  erode  a  -fn*.  coarse  son*  to 
■find  sane -mo* -size  *  %  do  vis/b/e  ice.  Sandy  gravel 
or  f/H*Hy  send  with  ccbb/es- 


ROCK 

and 


Cuttings  artgray  L  mostly  mtd.  to  /toe  sand. mu* 
Ate visible  tee-  Diarite  overry  rock  droned-  writ 
or  grove/ 


sue  * 

with  soar 


Offvfty 
ha  Am  ft 


h  70- 


F 


-//  o'H 


t  Cuttings  Ore  brownish  gray,  most!/  f„ re  sane  t*  s, 
iVo  visible  ice.  Sdiy  graven*  sand  or  si/ty  senOy 
I  gravof  with  co botes. 


Gray ,  silty,  gravelly  sand  with  scattered  cobble's. 
,  Ho  visible  fee  crystals  or  lenses,  p*t  a  few  of  the 
|  stents  are  pertly  seated  wit *  a  very  thin  fifm  of  ice. 
well  bonded. 


Cuttings  dr*  brownish  gray,  graded  from  course 

Isons  Co  SHt  •  may;  size  :*/«.  Mo  vis/b/e  ice.  Silty 
sandy  grovel  or  si/ty  gnve/fy  sand  with  cobbles. 


Same  as  F" 


Brownish  gray ,  si/ty,  sandy  gravel  with  cobbles.  Ho 
| visible  ice  -  we//  bonded. 


|  GVI-Pt 

NW 


Brown, sn  gray,  siity,  sandy  gravel  with  very  dan ( 
\brown  peat,  pee't  -  so%  t  by  volume.  Mo  visible  ice , 
\bvt  peat  very  hard  in  Mo  ten  state  •we/f  bonded- 


M4) 


M4  S 


93.  7 


ins  8k  Associates 


ST  OATA 


FINER 


□I 


N&40  INaiOO  NftZOO 


Sheet  of  2 

Dote-Otf  J'/SSjr:  oh  4-4-rj 

Submitted  by  •  S.B 


Sptafe 

Gravity 


Source 

of 

Material 


I  Cuttings  from  tri-  cona  rots**  roeft  on  ■ 

Vis.  Rm&r  I (hf  bovncittf- 


Terraco  I  Same 


'T*  0. vary  I  Same  -drilling  hard. 


hoc*/  Borrow  I  Same 


Local  Borrow  I  Core  <jood  -  toe  T*  recovery 


\tocfit  gom**  Cutting s  from  core  bit.  Afo  core  re- 
I  covered  -  rig  bouncing 


{Local  Borrow  |  Same 


Loca/  Borrow  I  Core  good  -  So  To  recovery 


:(L- 


Ih/rfr/Ve  Soil 


Core  good~/Go%  recovery.  Impossible 

to  run  M.At  hydrvmut6rl  Vnct  Art  t  berg  Limits 
due  to  ierge  imrvnt  of  organic  matter. 


PLATE  A 20 


Metcalf  S  Edd 


(8 


m*k a  tr*/z 

LOCtttOfl  ftunway  Std.93t€S,t 

UfeSoMcNo.  i€-s 


Pr 


1953  Per 


Oncription  &  Cta»»ifteoti©r* 


CM  Grayish  brown,  silty,  sandy  grave/  With  4  small 
amount  of  organic  matter  and  scattered  conb/as. 
(yjp  No  visible  tee  - poorly  bonded- 

"TTj  Grayish  brown,  silty,  gravelly  sand  with  a  trace  of. 
organic  matter  end  scattered  cooe/cs  auo  seme 
f\jp  reddish  prawn  mo tt/ing  Re  visible  ice  -poorly  bended. 


Same  as  L  “ *  coating  of  ice  on  some  of  the  gravel. 


(tensity 


H  Carle  brown  slightly  S/ity  sandy  grave/  mired  with 
grayish  trewn  silty  s*nd-  scattered  zc  bents  and  a 
trace  of  organic  matter.  Core  is  thawed,  bat  not 
V  : ry  wet- 


Brownish  gray ,  \w*H  graded,  Slightly  silty  sandy 
grave/.  The  grave/  is  oadiy  fractured  diorite,  while 
‘v■',w,  the  sana  and  sat  is  badly  weathered  and  decomposed 
.  diorite-  Many  irregularly  oriented  ice  lenses  tie  is 
Clear,  Colorless .  and  ha/d  s  Setk  t  by  volum  e 


Qp  Badly  fractured '  diorite  roch  Zee  is  clear,  hard, 
and  colorless ,  and  is  wedged  m  the  fissures  -  zoT»t 
||  by  volume- 


CP  CM  I  same  as  "Q"  -mere  fines 


Cuttings  are  diorite ,  uniform  med-  to  fme  sand  m 
ROCK  cite-  fractured  diorite  roef. 


completed 
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53 


4 

co***s- 


4  trdCe  of 
2  torn* 
rf/  tamttec/. 


M.C 

: 

Comp; 

*••1 

f 

% 

L  - . - 

% 
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LABORATORY  TEST  DATA 


PERCENT  FINER 


qrovtf.  1 128-4  I  / O-  / 


IfSOit  *»** 
S  *i*J  * 
t,  tut  not 


d  Associates 


Sh»ft  Z  3j  £ 

Oote  DH  3'/ 9 -S3:  DM 4’ 1  S3 
Submitttd  by  SB. 


Sou  rot 

0# 

Material 

Rtm«r  kj 

•  Otpfh 


Holt  No.  t  rw/ 

UCtHM  Z.oo/9  3Mt7f,  /§.  7S  'Lt.  L 

LofcSampitNa 


Ottcrlption  S  Ootttfkation 


Asphalt  Pavement 

Cuttings  ate  gray,  mostly  wen  grodud  sand  with  4/1 
roars*  chip*.  Minus  rft',  crushed  grate/  hose  course. 


Cuttings  are  tight  brownish  9rgy ,  mostly  med  to 
/me  send -man.  sice  *  %'•  Mo  tis/c/e  ice.  c/e  an. 
sandy  grate/  with  cooties. 


Same  is  6  ",  may.  sire  *  *i»  * 


!•) 


Cuttings  ore  tight  brownish  gray  mostly  tine. 
Sand  end  silt' mat.  site  *  ¥0*.  /Jo  {nsio/e  ice.  St/ty 
qrOveily  sand  Or  ri/ty  sandy  grove!  with  cob  tits. 


Metcalf  ft  £ddv  and  Alfred  Hopkins  8  Associates 


Project  Blue  Jov 


Cor^p  Mat 

*  $ in  |  if 


LABORATORY  TEST  OATA 


PERCENT  FINER 


Na  4 

1  *al°  1 

|  No.  20 

Ilia  40 

U.  IB: 


Doff  DM  3-i7  S3 

Submitted  by-  <5  6. 


Source 

9(**.*< 

of 

Motenoi 

Rework* 

No.  Miser 

Cuttn from  tri  -  Core  rotor/  rack  tit. 

\ 

H“  Terrace  ! 

Some  -  rif  bounemy  due  to  cot>o/e-f- 

i 

1 

H  “Tirade  t 

Some  •  no  beunaoo  bod!/  from  4,f‘ 
to  C<o  /iiteriof  is  moot//' cobbles  end 
boulders. 

i 

i 

1  Lou/  Borrow 

\ 

i 

Sent*  -rij  bo  unary  Shy  bit/ 

Hole  completed  at  3, S’'. 

Mot  end/  placed  some  tune  oj 
TTW&.  s/iovld  be  some. 

PLATE  A22 


HateNa  rrw*z 

location  South  Loop  T*xi#*s  -  Sea  B4  +  7S,  tQ.rs'  Rt  t 

Lob.SomptrNa  27- b 


Description  &  Classification 


Asphalt  pavement 

Grayish  brown,  we//  graded,  minus  Crushedgravef 
base  course  No  visible  ice.  but  ni Or -frost  on  underside  Of 
jeonei-  Poorly  bonded. 

Brown ,  w*//  graved,  sandy  grave/.  /Vo  visible  ice , 
but  boar  •  frost  on  underside  of  some  of  Me  grave/- 
Poorly  ponded 

Same  as  IS” 


Grayish  brown,  we// graded,  sandy  grave/  A  few 
sman  ice  crysea/s,  minis  A  '  and  a  thin  fi/m  of  /to 
around  some  of  tne  grave/.  Also  cobb/es. 

Grayish  brown,  wen  graded,  sandy  gravel  witn  many 
cobbles  Quite  bony  witn  some  roctc  to  rocn  contact.' 

No  visible  ice  crystals  or  lenses ,  some  grave/  partly 
ccated  mth  a  t*in  film  cf  /ft  -  poor//  bonded. 

Mostly  Coboles  and  bowderj,  with  poorly  graded  sandy 
gravel  Much  roc/e  to  roch  contact.  /Vo  visible  ice  - 
poorly  bonded- 


CP- CM  Grayish  brown,  with  much  reddish  brown  mottling,  S/tty, 
.  v  poorly  graded,  sandy  grave/  Also  a  small  amount  of 


I  peony  graaett,  sanay  grave/  Also  a  small  amount  or 
organic  matter.  Many  barely  visible  ice  crysea/s  -  very 
firmly  bended. 


SP-SM 

IX 


Game  as  *G,  Pvt  si/ty  gravet/y  sand- 


CM  Cuttings  are  fight  gray,  mostly  med  Sana  to  ti/t 
or  with  a  few  coarse  Chips  -  ms*  six «  r>i".  Silty  sandy 
jlyl  grave'  or  s//ty  gravsi/y  send  with  cobbles  No  visible 
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1953  Pferr 
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option 


laboratory  test  data 


PERCENT  FINER 


Dewrty  M  C  ]  Co«*  Max  r*n"‘w"  _ ~T~~\ _ T  -- 

fet/fcaff  %  j  %  Sat  !  if  j  $  }  Na  4  NalojNc  20\\ Nft40  NcOO  j  *>200102  mi 


34  FI  2-f 


f  J*ne/y 


of 

•  very 


S3  3  j 

j  2  7  .!  toot 

1 

i  j 

s\r.z 

1 

|  i 

|  2 .  B  1  loo  r 

j  ! 

3 as  • 

!«.«  i 
i  ! 

>38./ 

i 

, 

•  3.6  t 

r/s 

;  tOO 

1  9/ 

J 

zvs 

i 

i  si 

,  BO 

32  |  23 


8  Associates 


otion 


ST  OATA 


«N£R 


Vo40  McOQ  !  Me,  2QOl  02*in 


Zr.»  h  *  _/  A  / 

Dot*.  DH  7-52 :  TF  d-4-ss  ec+- 
Submitted  c>  5  0. 


Source 

of 

Mater  >0; 

fte*r»Qf  Ri 

1 

; 

‘,/Vo  Riser 

Frol  err  chunk  from  test  pit. 

■  H  “  Terrace 

1 

Same  -mar  sue  .-/£>" 

1 

j Terrace 

1 

Same  -  mar.  size  =  8" 

i 

1  ■ 

-  mar  size  c  8' 

•* 

\H ‘Terrace 
• 

t 

i 

1 

1 

"Terrace 

\ 

Same  -  mar.  size  -  l.  S' 

# 

;  Same  -  r»ax.  size  *  IS’ 

t 

Local  Bom*/ 

i 

i 

■  Same  -  Scattered  z obbies  and  boulders 
'to  I  S*. 

1 

Local  Borrow 

\ 

i  Same  '  Tese  pit  compieted  at  8  o' 

i 

Local  Borrow 
i 

J  Cut  ti, 70s  from  to -cone  rotary  rock 
j pit-  Rty  teunc/ny  oodi/  due  to  cobz/es. 

% 

l 

1 

j  Hole  completed  dt  9.o'. 

PLATE  A 23 


•  Dtpth 


Nafcttx  TTBt 

LOCttfell  South  Loop  Tax,  why ,  Sep.  9ft  00,  19.  7Stf  £ 

WftfcSampiclto.  a4 -s 


Metcolf  a  Eodv  o 

ft 

1953  P*r 


Description  a  Ctasificotion 


Asphalt  Paucment 

Grey,  tut// graded,  minus  P?sH,  crushed  g revel  test 
course.  No  nsib/t  ice ,  but  seme  hour-  frost  on  the 
under s is/ e  of  some  of  toe  grauel-  poorly  ponded. 

Greyish  Proutn  ,  poor/y  greeted  sandy  grauel 
with  Cobbles  No  u/sib/e  ice ,  Put  Poor  • frost  on  tne 
underside  of  some  of  the  grauel  - poorly  ponaed. 

_  .  Greyish  brown,  wet/  grided,  sene//  greed  with 
GW  cobt/es  .  f/o  uisibie  fee,  but  hour  -  frost  on  She 
|sjp  underside  ef  some  of  the  greed- peorty  bonded. 


GW  Seme  OS  C e  fete  ba/eiy  eis/o/e  ice  Cryste/s  and 
|y.|£  a  thin  fi/m  of  ice  around  some  of  the  greed. 

p  Grjy/th  Pro  tun,  poony  graded ,  sandy  greed  with 
'J'  many  cobbles  ■  Very  Pony  mth  some  root  to  roefe 
’ |  y  confect.  A  few  Sinull  >ce  c r/>t*is  one  hour-  frost 
On  some  of  the  from- 

CKii  Cabbies  and  boulders  choired  with  silty  ynwei/y 
sard.  About _  fS"%  is  +  1“  Much  rocr  to  rocs  contact. 
NP  No  visible  ice  -  poorly  Ponued. 

Greyish  brown,  d/ty  ,’grereiiy  sand,  with  scattered 
cobbles  and  boulders  ■  Some  bare//  uis/b/c  ice  crystals 
SM-5C  Srk/  ■  fr**!  around  the  grdrch  tired  tended. 

IX 

Same  as  G  ",  color  is  darter  and  slightly  reddish- 


On®«ty 

te/cuft 


.6  \A.€ 


Cuttings  are  tight  brownish  gr*/  mostly  me d  sand 
to  silt  with  some  coarse  chijo*  -mar.  s/sc  ".  No 
fisiola  ice.  Si/ty  grduOlly  sand  or  sdtr  sandy  grate! 
with  scattered  Cabbies  s 


{k 


p,...ts  a  Associates 


Metcalf  &  Eddy  and 

tolit  No.  TTBa 

Proj 

►OCOtldft  South  Loop  Tdxiwdy,  Sto>  SC  too,  /8.7S’Pt.  t 

.ob.SompteNo.  dS-5 

1953  Rerm< 

Oftcriptioh  ft  Ckmiftaotion 


Asphalt  Pavement 

CW  i  Cutt>n9S  ire  9r*Y,  efeil  graded  sand  -  mar  size  */t“ 

I  Minus  £?*  t  crushed f  we//  graded  grave/  *asc  coarse. 


Cutting*  dre  tight  brownian ,9re>/ ,  Mostly  mad  and 
i> ns  sand-max  size  r  */e  /to  visic/e  ice  c /tan  sand* 
grave!  with  coce/cs ■ 


Same  as  '&  ’ 


Same  as  '3]  hat  mere  coarse  cuttings.  Mostly 
cobtnes. 


'“'M  .  Gray  silty  sandy  grave/  with  coto/es.  No  visit/* 

(\JYV  ice-we//  bdne/sa. 


CM  Cuttings  are  /ight  gr<*/j  mostly  fme  sand  and  silt  - 
or  max  Size  -  ?)  “  No  risible  tee  ■  Silty  sandy  grave/  or 
SM  Sl,ty  gravelly  sand  with  Scattered  cobbles. 


LABOR 


'  ¥*»5®  * 


Metcalf  ft  Eddy  ond  Alfred  Hopkins  8  Asso 
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LABORATORY  TEST  DATA 


t  Associates 


_/  oi  / 

0o»«  OH  S-ZT-S3 


•  o*pn» 


77  FP  3—  4  [  Hand  JTTXyg^ 
FPus/vwx  3t4T*>n  34+06  6 
4S-S 


Utter  ipttai  0  Ott/iPcotion 


OM»y 

ttAcuft 


lUiiiui 


6W-NP 


G*bN 


I 


3P-JA 


ls&!| 


»r/  jAww  Reck  GOfi  by 

•f  AG  snJ  A&  7 


Ojte.rvA- 


b'feb/uiw  br»wr>  gr-my  f  be»r/y  greakuf,  4r//y  grmceil* 
rartb-  #«*//  ««  Cya+mh. 

Gray  fir-awn  j*/ty  gntre//y  omnt/.  /(C  c  cat  fa 
Jbor/’/c/*?  onor  Merc  arc  mas**  jmoJ/  tee 
rygrr/f  •  iSom 9  ergontc  eon  tent.  ' 


6M 

I  A -II 


IX-II 


.W 

//•// 


Jean*  43  4L  etcepf  Xer  fa*  +btn  ice  tec 


\Jamm  03  but  wifi  JarQer  ice  /enaea, 

About  /c f/*  >ce  by  re/vme- 

t/fechum  brown  6r»y ,  si  A*  gna*cbj  «/;/  Mon*  nc 
lensn  ub  to  K"  tf.ck-  X/b  re  Curia  te/y  *fG  ft  te'e  fi 

rolumm'  ' '  ' 


(-tear  tea- 

-0»  ft '+m  »f  kit. 


I 


I 


HopKins  8  Associates 


Jay. 

— ‘j«M 


TEST  DATA 


FINES 


■££! 

No  40 

Nr  Ot 

Nu200 

Sheet  s  ot  / 

0ot«:  Apr,/  7  /933 

Submitted  by*  aA.aA.  C. 


Source 

of 

Meteriot 

Remark* 
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37 

49 

t 

1 

33 

i 

44 
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1 

i 
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i 

!  13 

| 

34 

48 

i 

33  \ 

47  j 

i  i 

i  14 

1 

t 

1 

X6 

i 

i 

/4 

34 

1 

30 

37 

30 

/<? 

j 

17 

A 

i  J 

44 

43 

4? 

4 1 

9 

14 

!  14 

I 

1 

j 

1 

1 

1 

t 

« 

1 

/mhosajUm  7*  JCjbmrwhm  -Hursts  h-m 
*■  7S  Jb.  fKt  DcfJo.  lifts,  froomn  chunk  -JOnyb/*  ■ 

fib  kff-.  FrtXO/t  C hook  jmmpts* 

No-  Prmr  fro  tv*  chunk  jmmpfe*  Cohthej ,  mm  A 
/mom  srO0  f  jfoir. 

No-  tfh  Froaen  chunk  aomUa .  For/  colklo% 
moAtmuwi  a/00 

r*.  m*. 

49  No.  fAh>  Frox*n  chunk  aotn^ks  • 

No.  Nff-  froaon  chunk  oomfsfa. 

Trvnsthuio  0.000$^ *»f !**•!  kocrrW 

Lear!  Borrow  ^Proton  chunk  Oo/rfb/0  -  3cohhtrmJ 
eo fobs  /  /no Annum  w/90  97 

Loco!  Borrow  /rfon/  cokh/os  mo  Ann um  n/xokj:  foo* 
chunk  JomhJw- 

Loco/  Borrow  Fro  sen  chunk  oourkhe.  -^nhhrntf 

cckk/es,  mottmuwt  'a/ao  &  • 

■  3!  /hokro  $o,/  Freoon  chunk  JW/r/hhc  •  'Sco/torm4 
cohk/eo,  moAtmum  'otko  '  B  "■ 

Not.  vo  Sc  I  <Som  «s  . 

NbkuC  Sell  frcxoo  thunk  gomb /*',  mony  cohkfto, 
mo/ 1  mu  m  J//O0  4- 


Nrh/o  S* i !  fresco  thunk  jem/kk-  Jockhomnttr 
k>kn/(t  Anren  ho  /JL S'  on  A  ores  sh/f 
//>  /to  - 


Hoi*  No,  Tf? 

location  F?ur\ 

LoB.Som<*tNo.  39-6 


TP  3  6  //W  CDag\ 

FPuNiV/ty,  Station  56 *i 


06.3  501*.  t 


OttcripHon  ft  Omificotfon 


Metcalf  B  E 


1953 


D*»*y 

OtAafl 


Com 

*  I  *«  I  I  f 


kkkkkikii 


&/tur  nouo  Concrete 


Fbna/roHon  Arfocadom 


CP  ]  Liqhl  brown  grew,  poorly  graded,  crudwd, 

ftf?  I  3 &•*,*+*.  sandy  gJa/*l.  rdo  neiiTa  tea- 
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